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ABSTRACT 

The inception of this study was a project on 
reclamation of brine spills in upland boreal forest areas. 
During a brine spill flora are subjected to a salt shock 
because of the sudden increase in salt concentration. Six 
greenhouse experiments investigated the effects of brine and 
post flush treatments on three feather mosses. Namely 
Hylocomium splendens, Ptilium crista-castrensis, and 
Pleurozium schreberi which are common to coniferous forests 
in Alberta. 

Study objectives were: 

1. To develop laboratory methods to measure moss response 
to brine and reclamation treatments; 

2. To determine if the osmotic plus specific ion effects of 
brine were more harmful than the osmotic effect alone; 

3. To compare the effects of brine exposure time, versus 
Salt concentration on moss regrowth; 

4. To ascertain if calcium and/or potassium would aid moss 
recovery; 

5. To gain insight into some physiological aspects of the 
three feather mosses. 

The most satisfactory procedure is described below. 
Green moss segments were wrapped with nylon net to forma 
bundle. “Simulated spills ofidistilled water; brine; or 
sorbitol were then applied. Bundles were drained, flushed 
with distilled water, and post flush treatments given where 


applicable. Mosses were then placed in a horizontal 
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position, in a plaStic propagation tray, for recovery in the 
greenhouse. Throughout the recovery period, the mosses were 
misted with a 1/20 strength nutrient solution. Response was 
measured by clipping and weighing moss regrowth. 

Osmotic plus specific ion effects of brine were more 
harmful to moss regrowth than the osmotic effect of 
sorbitol. Mosses were more tolerant to drought than salt. 
Ptilium was the least drought tolerant and Hy]ocomium was 
the least salt tolerant species. P/Jeurozium appeared to be 
the most salt tolerant moss in the first set of experiments. 
However response of PJeurozium, compared to the other two 
Species, changed in the next two experiments. 

In terms of damage, salt concentration of brine was 
more important than exposure time. The 'Species X 
Concentration'-—interaction was highly significant (Ps0.01), 
but .'Species X Exposure Time' was not significant. If these 
findings hold true under field conditions, it would be 
advantageous to flush a spill site as quickly as possible to 
lower the brine concentration. In treatments with maximum 
brine exposures and concentrations, Pti]ium gave the highest 
amount of regrowth of the three species. 

Under the given conditions, calcium or potassium did 
not aid moss recovery. There were no significant differences 
in any calcium/potassium post flush treatments. Differences 
among moss species were highly significant. Ptilium had the 
greatest amount of regrowth and Pleurozium the least. The 


response of Ptilium and Pleurozium was reversed to that of 
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earlier experiments. Whether relative humidity or time of 
year influenced moss response, remains for future 
investigation. 

Response of PJeurozium varied the most in the six 
experiments. When brine and sorbitol were absent, Hy/Jocomium 
produced the most and Ptilium the least biomass. Hylocomium 
turned brown quickly under humid storage conditions while 
Ptilium, the least drought tolerant species, was the last 
Species to discolor. Therefore Hy]ocomium may be the most 
drought tolerant species tested. Invader moss species 
favored Ptilium for colonization. The regeneration 
Capabilities of mosses should be investigated further as 
moss spores or fragments could be used to 'seed' spill sites 


and thus reduce soil erosion. 
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1. INTRODUCTION 

In the petroleum industry one usually associates the 
wordmspi ll eiwithe sovlespil Db ahowever Sthere mis “ancther 
Spilvethat 15 becoming mote prevalent = the “brine or salt 
Water Spill”) Aswoilftields tage the ratio lof "salt water "to 
oil, brought to the surface, increases and since brine is 
the most corrosive fluid in the petroleum recovery system, 
the potential for brine spills to occur also increases with 
time. 

Salt water spills in forested areas have increased in 
the past few years with increased petroleum activity in 
these areas (Webster et a]. 1983). High rainfall, hilly 
terrain, and physical properties of forest soils are some 
factors that lead to severe erosion hazards when plant cover 
is removed as a result of a brine spill. Appropriate 
reclamation of affected sites can reduce or prevent erosion 
of the land. In the past, reclamation techniques designed 
for agronomic areas were applied to forested areas but there 
is evidence that different reclamation procedures are needed 
for forested land. For example, seeding a grass cover ona 
large disturbed area made it impossible to establish trees 
because the grass cover favored a greatly increased 
population of gnawing rodents (Sherstabetoff et aj. 1978). 
Most agronomic systems are based on a monoculture of a 
particular species or more specifically a particular 
cultivar, except in a hay or pasture regime where there is a 


mixture of legumes and grasses. However in the forest system 
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one deals with a multi-layered plant system of wild species, 
from trees to mosses, that represent a wide range in plant 
morphology and physiology, plus animals of the forest 
ecosystem. 

To formulate procedures to reclaim brine spills in 
upland forested areas, experiments were conducted at two 
Sites in the Swan Hills from 1977-1981 (Innes and Webster 
1980a). One of the greenhouse studies, that complemented the 
Swan Hills field investigation, was a preliminary project on 
moss/brine relationships (Ross Daley 1980). This work was an 
introduction to the area of moss/salt interactions. Exposure 
to brine for short periods of time e.g. three days, tests 
the Salt Shock Tolerance of plants which is different from 
Salt Tolerance (where a plant grows at a relatively constant 
level of salt concentration throughout its life (Ross and 
Webster 1983). 

The present study of feather moss/salt relationships 
involved samples of the three prevalent moss species 
(Hettinger 1980) from the two Swan Hills sites: Hylocomium 
splendens(Hedw.)B.S.G., Ptilium crista-castrensis(Hedw.)De 
Not. and Pleurozium schreberi(Brid.)Mitt. The study had the 


following objectives: 
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To develop laboratory methods that would effect ively 
test and measure the response of three feather mosses to 


the various brine and reclamation treatments. 


To determine whether the osmotic plus specific ion 
effects of brine were more harmful to feather mosses 


than the osmotic effect alone. 


To ascertain degree of damage to the mosses by an 
increase in brine contact time compared to an increase 
in the electrical conductivity of the brine, in a 


surface response factorial. 


To determine if moss recovery can be aided by post flush 
treatments of calcium, potassium or a combination of the 


two cations. 


To learn more about the basic physiology of the three 
feather mosses by comparison of their response patterns 


to various brine and reclamation treatments. 
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2. LITERATURE REVIEW 


2.1 BRINE 
Wells for production of salt water were in operation in 
the U.S.A. as early as 1800, fifty nine years before Colonel 
Drake brought in the first 011 well in Pennsylvania 
(Tiratsoo 1976). Salt water operators were not happy with 
the discovery of oil in some of their operations and not 
knowing what to do with the oil, they often moved to new 
locations to avoid the 'messy nuisance' which spoiled their 
operation. Today salt water 1s the messy nuisance that oil 
weldm@operatorsemust handtery(Collinsed 975). ftawspilivoccurs 
the salt water becomes the concern of the reclamationist. 
Haynes et al]. (1978) expressed concern about 
environmental impacts of enhanced oil recovery. Four of the 
points stated apply to petroleum operations in general and 
concern brine, vegetation or land: 
1. "pollution of land and surface waters by spills or leaks 
of oil, brine or other chemicals 
2. contamination of ground water aquifers by injected 
chemicals, oil or brine through communications between 
active wells, abandoned wells and inadequately plugged 
wells 
3. excessive erosion and sedimentation (mostly in hilly 
terrain) and subsequent deterioration of surface water 
quality 
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the total area used in the water flooding pattern of 
enhanced recovery)."” 

Acceptable monitoring, preventive and reclamation 
procedures are available for most environmental problems 
related to enhanced oil recovery, but the best available 
techniques may not be known by operators nor required by law 
(Haynes et al. 1978). Petroleum operators should know 
something about the environmental impact of their 
Operations, likewise salt spill reclamationists should have 
some basic knowledge of petroleum operations in order to 
research, solve or reduce the environmental problems of 
brine spills. A few basic facts about the system would also 
enable reclamation personnel to reduce the number of 
treatment possibilities. They could make some general plans 
rather quickly, especially if laboratory facilities are not 
available and time is of the essence. Webster (1975) stated 
"the best practice is to prevent spills." 

When planning my experiment I was unaware of the 
various chemicals added to the formation water during the 
petroleum recovery process therefore it was assumed sodium 
chloride was the dominant toxic compound in the brine. Only 
the main inorganic salts of one brine sample were considered 
in the study. It remains to be determined what deleterious 
effects the organic components, hydrogen sulfide or various 
additives (corrosion or scale inhibitors, gaS Scavengers, 
bacteriocides, enhanced recovery chemicals or cleaning 


agents) may have on forest vegetation. Background 
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information is presented to answer some of the other 


questions raised. 

1) Where do brines originate and are all brines the same? 
2) Why do spills occur and what is spilt? 

3) Can spills be prevented? 

4) What is the potential for future brine spills? 


2.1.1 ORIGIN AND COMPOSITION OF BRINES 


Most deposits of petroleum and natural gas are 
associated with sedimentary rocks of marine origin (Leet et 
aie 1978). Organic matterstrom land and marine plants and 
animals is deposited with inorganic sediments to form a 
organic material from which petroleum and natural gas 
Originate. Water influences not only the hydrocarbon 
precursors but the generation, migration, accumulation, 
alternation and production of petroleum. Accumulation and 
production depend upon hydraulic flow in response to 
geostatic and hydrostatic pressure (Collins 1975). 

When water evaporates, under restricted environmental 
Conditions » deposition of salts occurs. Coltins (1975) 
stated the common order of salt deposition in a basin cut 
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"Calcite-CaCO3;>dolomite-CaMg(CO;)2> gypsum-CaS0O, .2H,0> 
halite-NaCl>sylvite-KCl> carnallite-MgCl,.KCl.6H,0> 
bischoffite-MgCl,.6H20" 

Oilfield brines however, are not formed by simple 
evaporation or dilution of sea water alone (Kramer 1969; 
Collins 1975). Modifications may take place by dilution from 
ground water, ion exchange, precipitation of minerals, 
solution of surrounding rock and selective membrane 
filtration (Rittenhouse 1967; Kramer 1969; Billings et al. 
1969). Seine (1975) stated that the composition of 
seawater may vary somewhat, but in general will have a 


composition relative to the following: 


TABLE 1: Average composition of seawater 


mg/L (ppm) 
Chloride 18,980 
Sodium 10, 560 
Sulfate on ke 
Magnesium ee 20 
Calcium 400 
Potassium 380 
Bromide 65 


Oilfield brines may contain much higher concentrations 
of dissolved salts than that of seawater; concentrations of 


220,000 mg/L(ppm) dissolved solids are common (Ostroff 
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1965). Brines are basically sodium, calcium, and magnesium 
chlorides. They are deficient in magnesium and sulfate but 
have excess calcium and carbonates relative to seawater 
(Kramer 1969). 

Rittenhouse et a/. (1969), examined the minor elements 
in, S2smerlivneld®brines fromthe  ULStAe and Canada, eand their 
findings are as follows: 

"Potassium and strontium 100+ mg/L(ppm); 

Ajumgnum, DOTon- | barium airon se lithium» anadssilicon 1-100 
mg/L (ppm) ; 

Chromium, copper, manganese, nickel, tin, and zirconium in 
parts per billion(ppb) in most brines; 

Beryllium, cobalt, lead, vanadium, tungsten and zinc in 
parts per billion(ppb) in some brines." 

To compare brines with seawater, differences in total 
dissolved solid contents are eliminated by calculating 
concentrations on the basis of 35,000 mg/L(ppm). "Chromium, 
lithium, manganese, silicon and strontium are commonly more 
than twice as abundant as in Seawater. Copper, potassium, 
nickel, and tin are commonly less than half as abundant as 
seawater" (Rittenhouse et a]. 1969). Potassium tends to be 
adsorbed from the brine and fixed by clay minerals, mica and 
potassium feldspars; boron is released by the minerals into 
the brine (Grim 1968). 

Oilfield waters are referred to by various names such 
as brines, salt waters, waters, or formation waters. 


Formation water is defined by Case (1955) as water that 
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naturally occurs in the rock and is present immediately 


before drilling. Formation waters or brines are often 


grouped together on the basis of their inorganic ions, the 


geological age of the formation, or by the specific 


geological zone. Bentor (1969), classified subsurface brines 


in Israel into four different groups which demonstrate some 


Ofethe Main Variations in brines. 


Group 1 


Group 2 


Group 3 


Composition and salinity identical with present 
day seawater, except for higher calcium and lower 
magnesium levels, a change attributed to 

dolomi tization. 

Early Cretaceous water is two or three times more 
Saline than seawater. Most of the sulfates were 
lost through reduction to hydrogen sulfide by 
sulfate reducing bacteria (Ostroff 1965). Brines 
are enriched in bromide and iodide from 
bioconcentrators such as seaweed and coral 
(Collins 1975). 

Brines from Jurassic to Early Cambrian sources 
progressively increased salinities and the Ca/Na 
and Br/I ratios with depth whereas Na/K, HCO;3/Cl 
and Cl/Br ratios decreased. Brines changed from 
NaCl to CaCl, types by surface evaporation and 
later modified in the subsurface by differential 
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Group 4 A highly saline brine at the depth in the Rift 
Valley was a CaCl2z type with Ca/Na ratios greater 
than one. It was divided into two subgroups, the 
first a highly differentiated Early Paleozoic 
brine. The second was an old Paleozoic brine with 
Salinities around 300,000 mg/L(ppm), a Na/K ratio 
of one to two and extreme CaCl, character. It was 
formed by an additional cycle of surface 
concentration through evaporation. 

Rittenhouse (1967) classified brines into five groups 
on the basis of their bromide content and all five groups of 
formation waters are present in the Western Canada 
sedimentary basin (Billings et a]. 1969). Gilbart (1952) 
Studied the analyses of Alberta brines and presented the 
results on the basis of geological formations. He classified 
the waters of the Southern Plains into six broad groups 
called water horizons. 

Samples used in the present experiment were battery 
Samples from the Beaverhill Lake Formation in the Swan Hills 
field. There is no gas cap or major oil/water contact in 
this formation and the average porosity is 7.9%, with a 
connate water content of 16% (Edie 1961; Cameron 1968) and 
hydrogen sulfide was absent (Van Everdingen 1968). Analyses 
of 'well head' samples (opposed to battery samples) from the 
various fields of the Beaverhill Lake formation and adjacent 
zones show a range of ion concentrations, pH and electrical 


conductivity (Table 2). 
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2.1.2 OCCURRENCE OF BRINE SPILLS 


Brushett (1975) stated, "that in Alberta, pipelines 
appeared to be the major source of spills with corrosion 
being the most frequent cause of line failure." In 1974, 
there were about four times the number of salt water spills 
as there were oil spills (Edwards and Blauel 1975). Although 
the main component of a brine spill is formation water, 
there can be a number of additional chemicals involved. The 
phytotoxicity of various organic and inorganic chemicals 
used in the different stages of production must be 
considered e.g. acids, corrosion inhibitors, scale 
prevention agents, cleaning Deena gases and enhanced 
recovery chemicals. Haynes et a]. (1978) suggested that 
research into the environmental impact of enhanced recovery 
techniques is necessary. Important research needs are: 

1. characterization and toxicity studies of chemicals used 
in injection techniques and process effluents 

2. evaluation of ground water monitoring systems 

3. reclamation procedures for soils contaminated by oil and 
Dime. 

Spi licwmeanmoccurmacnO1ls ONLY mOLine (Onl ysoremexeds brine 
and oil, depending on the location of the fault in the 
petroleum recovery system (Figure 1). Most spills occur at 
some point in the disposal or injection system (Thimm 1983, 
personal communication). Reclamation techniques can vary for 


each of the different types of spill. 
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PRODUCTION WELL 


OR SAVELEITE = BAI PERY 


CENTRAL BATTERY 


OR WATER TREATMENT PLANT 


DISPOSAL WELL INJECTION WELL 


FIGURE 1: Brine in the petroleum recovery system 


A mixture of oil, gas and water is forced out of the 
formation by natural flow, gas lifting, gas repressurization 
or by pumping methods at the wellhead (DiStasio 1981). 
Formations are sometimes treated with acids, e.g. 
RVOCEOCN LOM IC, Nbthic ~otl mUric, | fOLMic wnyarorlOric vor 
acetic, to increase permeability of the reservoir rocks and 
thus increase the flow input or output (Collins 1975). A 
gathering system of pipelines or trucks collects production 
from a number of wells and transports it to a satellite 
battery for separation of gas from fluids in a two phase 
separator. If the system does not include satellite 
batteries, all three components are separated by a three 
pliase Separator at the central battery (Skinner 1961). Any 


Spills that take place Erom the production well to the 
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central battery are mixed spills of oil and brine (Rowell 
anda€repin 1977). 

Brine is removed from the oil before transport to the 
refinery by use of such methods as the following: settling 
tanks, heater treaters, gunbarrel treaters, electrostatic 
treaters, and chemical separators. A small amount of oil 
which could cause possible adverse effects to disposal or 
injection wells, pumps and equipment, may still be left in 
the water after these treatments. Therefore further 
treatment may involve mechanical skimmers, aeration 
skimmers, coalescers, filters or a combination of these 
methods. If corrosive gases are not a problem and there is 
no enhanced recovery program, the water is sent to the 
disposal well. Disposal wells are usually located outside or 
near the edge of a lease. Storage facilities for the various 
components are usually located at all phases in the system 
and trucks or pipelines may be used to transport brine to 
the disposal sites. For more information consult the 
American Petroleum Association's 1960 publication. 

For many years, the common method of saltwater disposal 
was to pump the brine into open pits. Evaporation and 
percolation sinto thevearth's suprace wremoved the water 
fairly quickly. Open pit disposal has been largely abandoned 
because of the possibility of danger to human, animal and 
plant life (Skinner 1981). However restricted use of open 
pits is still allowed in Alberta. Cpen pits in Alberta are 


only allowed under a special Energy Resources Conservation 
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Board permit and companies are restricted to disposal of one 
hundred barrels per month (Shaw 1983, personal 
communication). 

Injection wells are used for enhanced recovery of oil 
by water flooding the formation in a given pattern. In the 
popular five spot pattern (Figure 2), the production well is 


in the center of four injection wells (Skinner 1981). 


fe) ® =INJECTION WELLS Oo =PRODUCTION WELL 


FIGURE 2: Five spot pattern of water flooding for enhanced 
recovery of oil 


Water used for injection wells, usually goes to a water 
treatment plant as wells can be plugged by entrained solids, 
oil and bottom settlings, sulfur, bacteria and precipitates 
of salts. The water treatment plant generally consists of 
facilities for de-aeration, chemical coagulation, 
sedimentation, filtration and storage of treated water. 
Facilities may also include apparatus for the addition of 
chlorine or some other bactericide. In some systems algae 
and bacteria may grow in the injection well and plug the 
formation. If sulfate reducing bacteria are a problem a 
strong bactericide will probably be necessary to control 
their growth (Ostroff 1965). Water may be further treated to 
make it chemically compatible with formation water and also 
enhanced recovery chemicals added (Skinner 1981). In some 


cases another source of water, e.g. river or ocean water is 


zi . 
$28 ta pyevo3ss Beqnadne 02 Bead ass chk —_ 
. sess ® ni fonssmte? +42 pel beeaee 
ous ot .fost sea, favlg sri ‘Sart ; a ; ke 
at tiww roitmbdrg eng 4 (Setups) hratret: : ) 
Wtaer <dontae) abies “neiaset ase Se let: 


Taek MOROUCONS <4 «| Cdasw NOP © . 


besandes 52 pniboets welse yo  Weas7ag i ot ota 18 _aaot 


te7G¥rs of acce Pligveu) ,cils aalseams 207 bseu 29768 : 
~ahbrée bantastne ea Hedeig 44. nam cilew as onaty oaeenae 
Sasarigiad a) BAS sititigsd iis luc -eenfladse mages ene tt a 
ig asainnos x! ben ahep, tne! Inetdnes? 393a@ 287 abies ¥ 
Muldelvbaco’ isciaeds . fot iaree-eh Sag caninhes 

wesev Beteses +0 epscose Gao mipertci prea 

io aciaibes sib’ ic} au taectoce’ s5i.9%, 2265 von a aii = 
enera 2h4Jnye aioe nt .shse) 440 oes I90t0 Sor 10 eu s otal 
a2 guia bie”? Mw ne irsetnd say wi “Sab yam ain 

6 e@idoig 2, 2) stts2550) Eni auos' sisiige 20 i i" 
benz aga oT ‘Yaseeetc!! ga. ¥izedoo3q tliw abiot 28%: sll ia 


oF GereaT> 1S032Us ad Yai 19s7e¥ ~ eat No1320 dd “sg 90 
3 a8 7 


. aa boa race nevepuo? Hake dag hin —_ : 
ty a 
“ata ot et ae! sig! bebe eae yasroost 
we ' pees 3 core er 


a. : i > se a ih » Fr: 4 “ 
7 aa biti aed a2 


16 


also treated and blended with brine, from the system, before 


Injgectton (Col lkinsg1075) 


2.1.3 PREVENTION OF BRINE SPILLS 


Scale formation, corrosion and microorganisms are the 
main problems in the water handling system (Ostroff 1965; 
Patton, 1977) ironically gypsum, a “friend” tousale spoil) 
reclamation, is regarded as a 'foe' in the petroleum 
recovery system. Changes in partial pressures and 
temperatures, from the formation to the surface, cause 
precipitation of gypsum and other salts which leads to scale 
buildup. Scale buildup necessitates removal by physical or 
chemical means. Some of the chemicals used to inhibit scale 
formation are EDTA, nitrilotriacetic acid salts, various 
polymetaphosphates and sodium carboxymethyl cellulose 
(@strort 1965- Collins 1975). Inorganic and organic Scale 
inhibitors, corrosion inhibitors, gas Scavengers and 
bacterial agents are some of the chemical means used to help 
DEGCVENE SUPLULES. 

Prevention of ruptures, begins with the design of the 
water handling system (American Petroleum Association 1960; 
Patton 1977). A system needs individual parts that can be 
isolated without a loss of production, e.g. a number of 
small plastic or epoxy lined tanks for brine storage, 
instead of one large one. Distribution systems must be: 
capable of withstanding the maximum station pressure for 


extended periods of time, able to transport the fluid with 
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essentially no pressure loss from friction, and able to 
withstand the attack of sometimes extremely corrosive fluids 
for more than twenty years (Skinner 1981). 

Metal corrosion by electrochemical and microbiological 
means is one of the major problems with most water handling 
systems (Ostroff 1965; Patton 1977; Skinner 1981). Unlike 
other petroleum production equipment, disposal or injection 
wells and their associated pipeline, storage and pumping 
Systems seldom contact any liquid other than very corrosive 
water. This is likely to cause severe corrosion unless care 
is exercised to prevent it (Skinner 1981). Dissolved salts, 
pH, temperature, partial pressure, dissolved gases and 
velocity are some of the factors to consider in corrosion 
and scale prevention (Ostroff 1965). 

De-aeration and degasification of water are used to 
reduce the presence of oxygen, carbon dioxide, and hydrogen 
Sulfide. These three gases can increase the corrosivity of 
water. Oxygen is probably the most troublesome corrosion 
producing substance. In water containing high salt 
concentrations, corrosion is proportional to the amount of 
oxygen dissolved in water. The action of oxygen and carbon 
dioxide together is synergistic. The corrosion rate caused 
by dissolved hydrogen sulfide is higher in brine than 
distilled water. Hydrogen sulfide is also highly toxic and 
certain line cleaning agents tend to generate this gas. 
Physical or chemical (gas scavengers) means are used to 


remove these gases) (Ostroff 1965>5DiStasio 1981). 
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There are a wide variety of chemical substances used as 
COPrOSION Inhibitors, bothe inorganic and organic. Cement, 
asbestos, plastic and fiberglass are some of the materials 
used to line distribution lines in the system, especially 
thosesi{rome thescentral@ battery to disposal@or injection 
wells. Generally organic inhibitors form a film on the metal 
SUESace, protecting ity iromeattack, =Sometinorganic 
compounds, like chromates, are anodic inhibitors or 
pasSivators. Chromates, phosphates, arsenates' and silicates 
are dissolved in water to inhibit or reduce corrosion by 
coating the metal surface to protect if from the 
electrolyte. 

Corrosive resistant metal such as copper-nickel or 
titanium alloys are recommended for pumps and meters in the 
water handling system. Cathodic protection is applied to 
protect steel, brass, lead, copper and aluminum against 
electrochemical corrosion (Ostroff 1965: Skinner 1981). 
Magnesium is frequently used to provide cathodic protection, 
but magnesium is also a stimulant to certain classes of 
bacteria which can create a corrosion problem (Shaw 1984, 


personal communication). 


2.1.4 POTENTIAL FOR FUTURE BRINE SPILLS 


With Some o1l wells there is little or no brine when 


ElESE EDULE IMLONDLOGUCTION, = bUL Over time they Gradually 


‘Shell and some others have voluntarily restricted use of 
arsenates since 1960 (Shaw 1983, personal communication) 
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produce more and more brine. AS some wells become older, the 
produced fluids may be more than 95% brine, or for each 
cubic meter of oil coming to the surface one hundred cubic 
meters or more of brine is also produced (Collins 1975). 

When the ability of conventional methods of primary 
production to recover oil is exhausted, there still remains 
a considerable quantity of oil in the formation and in order 
to recover some of this oil, secondary and tertiary 
techniques may be used (DiStasio 1981). Over the last ten to 
fifteen years, research has been conducted to find practical 
methods of recovering petroleum left in the earth after 
known recovery methods have been used. Many experts predict 
that 60% recovery will become commonplace and 90% recovery 
may be expected in the future (Skinner 1981). 

Water disposal will become more critical because the 
volumes must increase with time. It 1S normal for water 
production rates to increase with time in waterflood and 
enhanced recovery projects (Skinner 1981). The potential for 
Spills to occur will be increased by enhanced recovery 
techniques such as increased water production, use of high 
pressure gas injection on equipment intended for low 
pressure water injection, and use of chemicals and gases 
which may increase the corrosion rate (Haynes et a]. 1978; 
Skinner 1981). 

Water injection recovery techniques may vary in detail 
but broadly most involve water-flooding the formation in 


Ordermsto force the o11 towards the production well or wells. 


Jyncet edibicn) ‘fembety cate al eeiie to o30m SG-at 
¢renisg to voonren Janelsraynes 19 gsifids edt nade 
wabanst Lliskossed? ,Detekerne et ©! sevoue? 09 nolrouberq 
qaide nl Bho. re )temte? Sd ti big io ys brdeup ebdareblaceses 


(isi2z7s2/bne: yeabaosse tte eids 34 abe tSvOH0RT%S, 


sset orig eed: U0Bet ofenseia) Seat od yen aeuple 


on ned 
‘staves? .2tesy n9ssae® 


tsabedasg e232 OF bedoustoo haa? te 


sevta doiks ado Gt 2i8¢ ebelarias sotawvones to ebodsem 


ssifeag arzeats Yet. .beee “ese weed abertsem yIsvoost Ff 


ytevass: AYE fms Sseiancahod 405046) CL day ¢2aVOSS7 404 “zeta. 


_(Vher gene) #2) axctua eA? nl O9399Qe0 ad oT 


edd) souened fsealde3s° 3200 aeoan {ilv terogeth 19968 
sasee Jot, Ceeten ai vf anid doew @ee6730i 220m noms te 
ban HOolleaPay OF). Shs3 tee SSRIS o% ante) nod toubowgy 
eee. lo)4easeg oat, (792° ralse! ereetoag ytevoces bean tia, 
¢(79/OC9d1 fpoonanns +d vere ai ag itive twee 62 af Lege 
foi 30 sat cmeaagpyers4 222e" hewsda°ol ae dou asupind " 
sul) Yad SeGnsinl tasmaiupe fe CCl eesti te esp sees 
ayenn Ge alkSimess to a8u Gop (oh) foek hs DedRe oT 
2008tes 16, 73 een(eli: stax soleortes add squn tonk gamem 
| (ent & a 

Dinost at yun yan 3 wag inde}. avenues aétbonco) aa “7 
_ a iakergeey aH ero; a> SanaW aekonet som hha 

Pa ; 


(adie zo 68; iw noe sau 2 Q6nguwos Lic eds rv - 


a 


rs; 
_ 


= 


> 


20 


Polymers (e.g. polysaccharides, polyacrylamides and 
hydroxyethyl cellulose) (Unsal et a]. 1979) are added to the 
injected water to increase the 'sweeping' efficiency and 
broaden the range of water injection (Burger 1979). 

In recent years, improved methods of water injection 
have been developed. Injection of micro-emulsions and 
surfactants have increased the efficiency of displacement, 
together with injection of alkaline solutions which reduce 
surface tension at the oil/water interface or increase the 
wettability at the rock/water interface (Burger 1979). 
Surfactant or micellar flooding employs an aqueous 
surfactant slug followed by a mobility buffer (usually 
polymer thickened water) to displace oil locked in small 
pores (Burger 1979). 

Carbon dioxide is the main gas used for injection and 
Since it forms a mild acid when mixed with water, it may 
cause corrosion problems not normally encountered. A method 
which uses a gaS mixture with nitrogen is also being 
successfully tested. Both hydrogen sulfide and carbon 
monoxide are used in an in situ combustion technique. Steam 
injection techniques are used in large-scale production 
projects to recover oil that is slightly less viscous than 
hot asphalt (Skinner 1981; DiStasio 1981). The Esso «pilot 
plant at Cold Lake uses the steam injection method. 

Regular inspection, maintenance and repair of the 
recovery system is necessary to reduce corrosion and spills 


to a minimum. However, 
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"EVERY PIECE OF EQUIPMENT, NO MATTER HOW WELL 
CONSTRUCTED, WITL EVENTUALLY “PALI IN SOME WAY,” 
(Skinner 1981) 
Therefore materials should be on hand to deal with a spill 
effectively and as quickly as possible. Consult the field 
manual by Innes and Webster (1980b) for further instructions 
on reclamation of salt spills in upland forested areas. 

Brome 1977 stew l98ii a research project to study 
reclamation of brine spills in forested areas was undertaken 
at two sites in the Swan Hills, one site was Amoco 
Oil(LSD 12-36-64-11 W5M) and the other site was Home 
OvlCESDN 10=16-67—-10) W5M) In upland boreal forested areas 
where rolling topography dominates, brine from a ruptured 
Pipeline normally flows downslope on the surface of mineral 
soil, under the organic mat. Mosses that are at the bottom 
of hummocks and those at the bottom of the slope are 
subjected to a greater stress from the brine spill than 
those near the top of the hummock or slope. Field 
observations indicated an extremely variable pattern of 
damage to mosses (Innes and Webster 1980a). 

Because of the variable pattern of damage to mosses in 
the field it was suggested that a study of moss/brine 
relations should be carried out under more controlled 
conditions. Moss carpeted the forest floor at two sites and 
the three main species were selected for greenhouse studies. 
Brine for this study was a sample from Home Oil Battery A3, 


near Swan Hills. 
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2.2 MOSSES 


2.2.1 MOSSES AND EROSION 


Moss biomass may be small but can represent an 
important portion of total production and nutrient cycling 
and should be considered in studies of ecosystem functions. 
Mosses contributed Susbstantially to the system dynamics 
(Binkley and Graham 1981). Riely et al]. (1979) stated that 
removal of bryophytes and humus would seriously reduce the 
amount of elements available annually for uptake by the 
trees and herbs. 

In a study of Hylocomium splendens near a foundry 
emitting copper and zinc, Bengtson et a/. (1982) made the 
following comments. "Hylocomium splendens is of considerable 
importance in the forest ecosystem. The moss covers much of 
the mor, thus regulating the microclimate near the ground. 
When the bryophyte cover is destroyed, large areas of land 
are laid bare with resulting changes in the microclimate. In 
the long run, Ssorl organisms may sulter as a) result of 
radical changes in composition of the litter and mor. 
Pollution by heavy metals prevents colonization by most 
other types of plants and the humus layer may eventually 
become subject to erosion" (Bengtson et a/. 1982). 

It is essential that soil and vegetation influences on 
erosion be considered together. Similar soil types often 
behave differently under different forest cover types (Singh 


1983), 
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Forest floor serves a very important function in 
arresting erosion by: 

1. absorbing the kinetic energy of falling raindrops (Metz 
and Farrier 1965; Wooldrige 1970) 
2. absorbing and holding precipitation (Golding and Stanton 

1972) 

3. increasing infiltration and reducing evaporation from 
the soil (Moul and Buell 1955; Rowe 1955) 
4, insulating soil surfaces from extremes in temperature 

(Price 1969; Wooldrige 1970; Armson 1977) 

5. protecting bare soil from wind erosion (Richards 1929; 
Leach 1931; Kleiner and Harper 1972; Studlar 1980) 

Physical soil properties of texture and structure, 
together with the nature and amount of the forest floor have 
a great effect on water infiltration, storage and movement. 
The forest floor contributes to the development of granular 
soil structure and increases biological activity, organic 
matter and non-capillary pore space in the soil (Arend 
1941), all of which are conducive to high infiltration 
rates. Sheet erosion and associated gully erosion do not 
occur to any significant degree if the forest floor is 
intact (Kleiner and Harper 1972; Armson 1977). 

Thesforest Eloor Ss an important= part of the hydrologic 
system of a forested watershed. It has long been peeoani ed 
that mosses, particularly Sphagna, play an important part in 
holding back the rainfall in forested regions, thus 


preventing floods and droughts (Grout 1912). The type and 
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thickness of the floor will determine the amount of water 
that can be held and the rate at which water can move into 
the mineral soil (Armson 1977). In a forest the impact of 
the rain is broken by various stories of branches and 
finally by forest floor cover. Thus water reaches the soil 
practically without kinetic energy (Kohnke and Bertrand 
1959). Golding and Stanton (1972) found the water storage 
capacity of the forest floor was strongly related to the 
percentage of moss cover in the test area. Moss species 
varied in their capacity to hold water, and rates at which 
samples soaked up water and dried out, were different (Moul 
and Buell 1955). Assuming mosses dry out completely between 
storms, they may intercept as much as 50% of the throughfall 
where they occur. Lichens intercept about half as much as 
mosses. It seems probable that the densely packed upright 
plants of turf and cushion types may be the most efficient 
moss growth forms in the interception of moisture (Golding 
and Stanton 1972). Removal of bryophytes might cause a 
decrease in the water-holding capacity of the soil, and 
where the soil is shallow, erosion might eventually result 
(Rieley et al. 1979). 

Aquatic mosses line the beds and banks of streams, 
which prevent erosion by the rushing water (Grout 1912). 
Emige (1918 )) Tay hore (1919)5, "and Richardson #01981 )egive 
examples of mosses playing a role in formation of rock-like 
tufa by deposition, on the plants, of calcium carbonate or 


iron from the water. Emig (1918) found Didymodon tophaceus 
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the most prevalent of three mosses distributed along moist 
ledges of shallow streams. The long branched moss stems 
fixed tangled masses of algae to the rock surfaces of the 
rapids or cascades. The water evaporates from the more 
exposed plant surfaces and calcium carbonate slowly 
crystallizes about the plant filaments. Young plants at the 
surface of the water continue to grow but the incased 
filaments gradually decay, leaving behind small calcareous 
tubules arranged like a mass of coarse fiber. The transition 
Fromemoss®plant to ancrustationvand finally to compact 
limestone is very slow. The type of travertine formed by the 
moss Didymodon depends largely on the original position of 
the growing plants. Taylor (1919) cited a similar occurrence 
of porous tufa formed from iron deposits on aquatic moss. It 
is also stated that floating islands originated from surface 
mats formed over the water. Camplium stel]llatum is one of the 
chief agents in the formation of surface mats. 

There is a decided increase in the bryophytes and 
lichens after a fire (Moul and Buell 1955). The initial 
cover reduces splash erosion by raindrops and reduces 
temperature variation at the soil surface and improves 
moisture retention which leads to a more diversified 
community (Leach 1931; Moul and Buell 1955; Brown 1982). 
Grout (1912) cited an example of moss protonema protecting 
the soil from the terrific downpour of summer showers. Moss 
accumulated to depths of 25 cm or more, on tussocks at a 


Yukon test site. The moss provided excellent insulation 
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which helped to maintain the permafrost near the surface, 
and prevented solifluction, through the summer (Price 1969). 

Marsh and Koerner (1972) described the role of moss in 
slope formation in coastal regions. "New microhabitats are 
created which lead to germination potentials not otherwise 
present. The moss lobe provides diversification of the slope 
environment. Moss is the dominant vegetative unit on these 
Slopes because it readily tolerates sand burial. Polytrichum 
piliferum can appear from burial depths exceeding 6 cm and 
can regenerate 50% cover from burial up to 3.5 cm. The moss 
clumps reduce the ability of runoff to transport sand across 
tee 

Leach (1931) listed Polytrichum piliferum, Polytrichum 
juniperinum, Ceratodon purpureus and Rhacomitrium 
lanuginosum as pioneers on sand and rock detritus. Species 
of Polytrichum differ from most other bryophytes in that 
they produce long underground stems, which turn brown and 
are very tough and strong. These moss species are able to 
grow for long periods in the absence of light. Leach found a 
community of Polytrichum piliferum going down to depths of 
20 cm. In contrast, dead plants of the grass, Festuca ovina 
were found at various depths below the surface. Polytrichum 
piliferum and P. juniperinum are effective pioneers on sand 
because of their soil binding structures. Rhacomitrium grows 
over mountain top detritus and forms a protective cover 
against the elements but its rhizoids have no great soil 


binding effect, therefore patches of this species are 
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destroyed but the bare ground is stabilized by P. alpinum. 
Ceratodon purpureus is one of the pioneer species that grows 
on burn sites, however it may be eventually replaced by P. 
jJuniperinum and Webera (Pohlia) nutans if the site is 
covered by a layer of blown sand (Leach 1931). 

Mosses play a very important role in dune colonization, 
by stabilizing the sand, adding organic matter and 
maintaining moist conditions near the sand surface through 
the water holding capacity of the gametophores and rhizoids. 
Tortula ruraliformis grows quickly through a one centimeter 
covering of sand. The leaves of this species, which have 
hair points, wrap around the stem in dry weather in a tight 
Spiral. When dunes are dry, sand is blown about and the moss 
is likely to be covered. When rain moistens the sand, the 
mosses absorb water and leaves untwist so forcefully that 
Sand grains are thrown to a distance of several centimeters. 
In this way each shoot digs a little pit in the sand cover 
(Richards 1929). 

Kleiner and Harper (1972) compared two park sites and 
concluded that mosses and lichens may play a more important 
role in the stability of the highly erodable sandy soils of 
the grasslands than had been generally recognized. This 
cover provided protection during summer rains and heavy wind 
storms. Tortula ruralis and several species of lichens were 
instrumental in the buildup of organic matter and soil 


nutrients by cycling. 
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Studlar 1980, found that "trampling appeared to be more 
destructive to vascular plants in the Polytrichum plots, 
than to the moss itself. Regeneration of moss appeared to be 
most dramatic in those parts of the plots most severely 
damaged." Regeneration was greatest for Polytrichum, less 
for Ditrichum and the least for Sphagnum. It was concluded 
that, "trample-resistant structural features and high 
regenerative abilities apparently contribute to the 
importance of bryophytes on trails as potential inhibitors 
of soil erosion." Eroded areas could be revegetated using 
the method suggested by Bayfield (1976) of sowing a mixture 


of fragments from several species of mosses over bare areas. 


2e2e2aMOSS:—THET PLANT 
"Variety upon variety, dark green and pale green; 
mosses like little fir trees, like plush, like 
malachite stars, like nothing on earth except moss." 
Thomas Hardy 
Mosses exist in all areas capable of supporting life 
(Huxley 1978). It is characteristic of mosses that they 
rarely occur as individuals but form extensive groups or 
colonies on moist soil, rocks and wood. In humid climates 
mosses may actually live on the leaves of higher plants. The 
largest mosses are native to the Southern Hemisphere and may 
exceed 30 cm in length, as does Dawsonia, but in North 


America the largest mosses, Polytrichum or haircap mosses, 
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"The individual moss plant consists of a slender leafy 
axis, either erect or prostrate, that may or may not have 
multicellular absortive structures called rhizoids" (Bold 
1977). 'Rhizoids' are described as "Simple or branched 
filaments, appearing dead at maturity, attaching the plant 
to the substrate, sometimes covering stems, rarely found at 
the back of costa or at leaf tips" (Crum and Anderson 1981). 
The role of rhizoids is not yet completely understood. The 
fact that they play a role in anchorage and in water 
conduction by capillary action iS generally admitted. "The 
role in the active uptake of water and solutes has been less 
evidenced and published observations are not in complete 
agreement" (Hébant 1977). Mosses do not possess roots and 
except for those mosses with rhizome systems such as 
Polytrichum, Dawsonia, and Climacium, have very limited 
powers of withdrawing water from the substrate (Richardson 


" 


1981). Crum and Anderson (1981) described a 'rhizome' as "a 
slender, horizontal, subterranean rootlike stem." 
Wigglesworth (1947) described the rhizoid wicks of 
Polytrichum commune. It was stated "the rhizoid system of 
the Polytrichaceae, although highly specialized and 
important, is often neglected or confused with the 'rhizome' 
in descriptions of the species." 

Any moss stem bearing a dense rhizoidal covering is 
well equipped for external capillary conduction of water. 


The significance of such rhizoids for water retention and 


absorption, is realized by considering the main strands are 
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direct outgrowths of superificial cells of the stem. 
Performing a Similar function, but less widely distributed 
among mosses, are the paraphyllia. These cover the main 
stems of Hylocomium splendens, Thuidium species and some 
other mosses. Paraphyllia are minute, richly branched leaves 
of variable and irregular shape (Watson 1964). 

"Individual moss shoots exert little control over water 
loss to dry air, while the cytoplasm itself may show a high 
degree of desiccation tolerance" (Proctor 1979). Bryophytes 
probably owe their success to at least two major adaptive 
features which must have surfaced early in their 
evolutionary history: 

1. desiccation tolerance and 
2. regeneration. 

Mosses possess a type of protoplasm that can remain 
alive for long periods without water, even under conditions 
of high temperature. However, when resupplied with water 
through rain or dew they almost instantly (within 30 seconds 
in some species) resume photosynthesis (Dilks and Proctor 
1979), if other factors such as temperature and light permit 
(Anderson 1980). This adaptation makes it very difficult to 
determine when a moss is 'dead'; therefore most bryologists 
prefer the term inactive. "Desiccation resistance in 
bryophytes is largely physiological and differences in 
morphology are of little importance" (Lee and Stewart 1971). 
Mosses vary in their desiccation tolerance depending on the 


time of year. Generally they are most sensitve during autumn 
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and early winter with their tolerance increasing through 
spring to a maximum in early summer (Richardson 1981). 
Desiccation tolerance varies greatly among species (During 
1977) but generally correlates well with habitat (Proctor 
1981). 

Reproductive patterns enable mosses to circumvent some 
of the difficulties imposed by their extreme habitats. They 
persist because of their abilities to remain alive and 
regenerate when favorable conditions return. Almost all 
living parts of the moss: leaf, stem or rhizoid, as well as 
spores have the power of forming new plants (Garjeanne 1932; 
Watson 1964; Doyle 1970; Anderson 1980). In general, mosses 
produce vast numbers of spores. For example P/]eurozium 
schreberi fruits abundantly in Canada and a carpet of the 
moss may produce 10% healthy spores/m? (Longton 1976). 
However, "the sexual cycle of moss is so dependent upon 
water and so vulnerable to the changes of weather during 
critical phases that vegetative persistence is extremely 
crucial" (Anderson 1980). Mosses have been reported "to 
exhibit more copious and varied means of vegetative 
reproduction than any other section of the plant kingdom" 
(Sachs and Vines 1882). 

There are important differences between the physiology 
of mosses and vascular plants (Watson 1964: Proctor 1979). 
Compared with vascular plants, bryophytes represent an 
alternative strategy of adaptation to life on land. 


Surface/volume ratios of bryophytes are much greater than 
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those of vascular plants. For bryophytes, the micro 
environment is of primary importance, and the water 
conduction problems of these are much closer in scale to 
those of a single leaf of a vascular plant(Proctor 1982). 
"The small size and the absence of roots are indications 
that most bryophytes react in a different way to 
environmental stresses, such as short periods of drought and 
cold, in that they cannot draw upon moisture reserves in the 
Substrate even for a short period" (During 1977). Mosses are 
limited by their characteristic mode of life but they are 
also liberated, as they can occupy hard substrates such as 
rocks and bark which are impenetrable to roots and so 
untenable to vascular plants. Bryophytes differ from 
vascular plants in that the gametophytes occupy the dominant 
phase of their cycle (Zamski and Trachtenberg 1976). The 
generation of moss which is most noticable is haploid, 
whereas in vascular plant it is diploid (Garjeanne 1932; 


Doyle 1970). 


2.2.3 MOSS WATER RELATIONS 


Bryophytes differ fundamentally from vascular plants in 
their water relations (Watson 1964). Several well 
established concepts concerning water economy in higher 
plants cannot be directly transposed to bryophytes. True 
stomata are absent from moss gametophytes but are present in 
spore capsules of almost all moss species. External 


conduction, more than internal conduction, plays a 
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fundamental role in water economy of many bryophytes (Hébant 

LOTT 4 

Buch (1945; 1947) introduced terms to classify mosses 
on the basis of their water conductance, however there are 
various interpretations of these terms as different aspects 
are mentioned throughout his long papers. Buch mentioned the 
three terms and both Hébant and Bayfield extracted their 
definitions from material given in his two papers. Hébant 
1977 cited three terms used by Buch as follows: 

1. "Endohydric forms = those in which internal conduction 
plays the same role as in vascular plants. 

2. Ectohydric forms - those whose water supply comes from 
external conduction coupled with water uptake over the 
whole surface of the gametophyte. 

3. Mixohydric forms - those where both internal and 
external conduction are important." 

Hébant commented that, "the majority of contemporary 
bryophyte gametophytes are either mixo-ectohydric or 
ectohydric, according to this terminology; and that truly 
mixohydric ones are not very abundant". He said, "Strictly 
speaking, endohydric gametophytes apparently do not exist in 
bryophytes. Only the sporogonia of at least certain mosses 
are likely to have a truly endohydric habit." 

Bayfield WOgsncirted Buch 19477) using only two terms: 

1. “"Endohydric types — those in which there 1s a well 
differentiated internal water-conducting tissue and the 


presence of a perceptible cuticle. 


ek . 7 


nada] gecqdsouid yasmeGo yomshe 2574s ai ole 


a 


ef 40k ipl: = 


saeuern tirerels 65. deze? Sasnbostn 
- ‘a: 

- ~~ -4 = J [4 ‘14 

ee stecy seveval .sanesoVveNnse "eljiv as to 200@8 et a) 


+e q7emel we . 
oe 
t«Spueeeq Gpol #40 PuGHbys is Senos seem ese 


49 Beogi tet) cova 


7 x « :@ os Ss 
gfoedwet 2657 bh es - emis? g6907 29 6 


> oer S ¢ 28 °,04¢¢4 »'<¢ 
* rage “ys } int. a3 gactsint 
Helo = — : 


7 ° 
/ | pinta? ah eegglokan’® 
" sehnes tanvednt Goidw nt) Setct, + 209" & eg 


east Bame ‘aale qeis¥ seorl! se NJ uwAS" 3) Negi < ‘ 
est “neva atétqu, tative atin be lqves, dotJop jéno> iasts2ae © 
sFYNAOs SacP ait. 76 soeiter slot 

wing Siti ‘ou 3 iw ec¢or ang? a) vevrerc 6, 7 = 
7 -or if {7 3.7000- iawtes4s ; 


i eae AD oe 
‘‘~YerTAaUe si » eager er suit*t ,aerte Sos ane seca 


oD 4 . & an ut ae | - S66 4 4 tere stan svyaae pad 


viits: ¢ cepotcaiore: sed? 03 solinganan. nee : 
— 

L ' p 1 = fa { a @ - ~ — & ‘ » i nae 

ye 7S ; =f th » A apne es ‘¥ =e . aie oe 


esaacm S)aTs*> sfnai Sho: Ring < she ole hai y. 

» sided shabrdobns Yinit + syb4 od tied 

amit: ows’ eine Onis, 54e! fous Go11 5 ESE bial 

_ Liaw s Sh siedd, u5ide nivsaotd = weet bod 

it One we pndsahbeas-ssanw Lands nk dazeial 
“ee staat ma 


a.3 


a 


34 


2. Ectohydric types - those in which there is no internal 
conducting strand and a cuticle cannot be demonstrated." 

Polytrichum is an example of an endohydric form and the 
feather mosses are examples of ectohydric forms. All 
bryophytes retain a need for external water conduction and 
much of the structure of bryophyte leaves is likely to be 
related tosthicarequinementa( Procton 1979; s1901)). ee@xternal 
conduction takes place in capillary channels related to the 
form and arrangement of leaves. The wider the angle at which 
leaves stand out from the stem, the less will be this 
Gapiiiaryeconduction. PAlso, teewil lonaturnalily=tendsto 
diminish with wider separation of the leaves along the stem 
(Watson 1964). 

Water iS a major factor controlling growth and 
distribution of mosses (Busby and Whitfield 1978). Growth 
form affects the capacity of a bryophyte shoot system for 
water storage, the distance which water must be conducted to 
the evaporating surface and the site and rate of water loss 
to the air (Proctor 1979). A correlation exists between 
growth forms and the water economy of the considered species 
(Brise 1957). Compact cushions are found in sites where 
periods of severe drought are to be endured, whereas some of 
the tallest forms are found only in almost constantly wet 
environments (Hébant 1977). 

Since mosses have very limited powers of withdrawing 
water from the substrate, water required for metabolic 


processes is derived from water falling on or flowing over, 
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the plants. Additionally, water is required to transfer the 
sperm cells from antheridia to archegonia. These constraints 
have resulted in mosses: 

ime Si becoming aquatic, 

2. being confined to continually moist habitats and 
S,urevolving thebabimldatyator bes poikilohydrie.* 

That is the plant dries almost as rapidly as its surrounding 
environment, but it can resume normal metabolic activity on 
remoistening (Richardson 1981). 

Most mosses are poikilohydric and share the adaptation with 
lichens, many terrestrial algae, and such animals as 
tardigrades, nematodes and rotifers (Crowe 1971) but with 
few vascular plants (Richardson 1981). 

"The metabolic differences between mosses and flowering 
plants iS put in perspective by the fact that net 
photosynthesis in flowering plants decreases as soon as 
WateueDOLentialSsEedropabe owe-i008to =S00GkPan(-aito =3 
bars). In contrast photosynthesis, in flowering plants, may 
reach zero or even become negative (e.g. respiration is 
exceeding fixation) when potentials drop below -1200 to 
-1500 kPa (-12 to -15 bars). Furthermore photosynthesis and 
respiration, in feather moss, continues until the water 
Potentid erallceto-abouue. 55007tO1>10eekPan( oo -eoe-100 
bars) and does not resume until the plant is remoistened" 
(Busby and Whitfield 1978). Upon rehydration there usually 
iSea DUDSt) Ob respiration ac above mormal rates, srol lowed by 


gradual recovery in assimilation (Lee and Stewart 1971; 
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Bewley and Thorpe 1974; Peterson and Mayo 1975). The period 
of enhanced respiration observed in poikilohydric plants, 
following remoistening, enables repair of cell membranes and 
curtails cell leakage (Bewley 1979; Brown and Buck 1979) 
Optimum water content for net photosynthesis varies 
widely among moss species. In most cases the rates of net 
photosynthesis rise to a well defined maximum, then decline 
often to 50% or less of the maximum value (Dilks and Proctor 
1979; Longton 1980). "The optimal water contents are 
generally lower than the saturation values. The relationship 
between net assimilation rate and water potential is broadly 
Similar in a variety of mosses. Water potential may provide 
a more useful index of the physiological state of the moss 
plant than does water content" (Busby and Whitfield 1978). 
Busby et a]. (1978) concluded that "moss wet days", through 
the influence of water on photosynthesis is the most 
influential environmental parameter for growth of 
Hylocomium. Moss wet days were also considered important by 
Bates (1979). "The growth of four pleurocarpous mosses 
showed a close correlation with wetness, especially monthly 
rainfall minus potential evapotranspiration" (Pitkin 1975). 
In the High Arctic it appeared that the major factor in 
eontrolling growth and production of bryophytes was the 


amount of surface water present (Vitt and Pakarinen 1977). 
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2.2.4 FEATHER MOSSES 


Hylocomium splendens, Ptilium crista-castrensis and 
Pleurozium schreberi are among those mosses termed "feather 
mosses" (Plate 1) and are the three prevalent moss species 
at the two Swan Hills experimental plots (Hettinger 1980). 
They are conspicuous components of vegetation types which 
occupy Substantial areas in boreal regions of North America. 
Feather mosses form open carpets in better drained and 
usually shaded areas of upland forest (Busby and Whitfield 
1978). Feather mosses are common to the spruce-fir, mixed 
coniferous and lodgepole pine forest types in the Swan Hills 
(Achuff and LaRoi 1977). All three are also present in the 
mixed wood forest but Hylocomium (Plate 2) is the most 


common species (Griffiths and Pharis 1976). 
2.2.4.1 Hylocomium splendens(Hedw.)B.S.G. 


Hypnum splendens Hedw., Sp. Musc., 1801, p.262 
Hylocomium splendens(Hedw.)B.S.G. Bryol. Eur. 1852, Vol. 
5, fase. 45/51 (Crum and Anderson 1981). 

Crum and Anderson (1981) listed five varieties of 
Hylocomium which apparently are a product of 
environmental rigors. They are: var. alaskanum(Lesq., 
and James) or (Lesq. and James)C. Jens., var. alpinum 
Kindb., var. gracijius, var. obtusifolium(Geh.)Par., and 
var. Tenue. 

'Hylocomium' means woods inhabiting. Hylocomium has 


a wide geographical distribution and occurs in a variety 
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of habitats in a number of vegetation types including 
alpine, subalpine, boreal and arctic. It grows on humus 
and soil in moist forests (Crum 1976). Lee and La Roi 
(1979) found Hylocomium was the most important, and most 
abundant, widespread bryophyte in Jasper National Park. 
It had a wider distribution, in terms of moisture regime 
and elevation than Ptilium or Pleurozium. 

Crum (1976) described Hylocomium as follows: 
"Plants form dull, green or yellowish mats. Stems and 
branches are a reddish color." The stems are stiff and 
wiry, regularly two to three pinnate in horizontal 
fronds in a step-wise arrangement, each frond produced 
by an arched and ascending, stoloniform innovation 
arising from the middle of the previous year's growth." 
Crum (1976) referred to this species as 'Stair-Step 
Moss' because of the successive branching, which usually 
corresponds to annual increments or cycles of growth. 

Each increment or segment is Said to be initiated 
in autumn as a lateral bud of the previous segment 
(Bengtson et a]. 1982). Stem elongation and branch 
production by the segment occurs mainly during late 
summer and autumn in the next year, and a bud 
representing a daughter segment is formed near the end 
of the growing season. However, little stem elongation 
in a parent segment follows initiation of its daughter 
segment (Longton 1980). Multiple segments more 


frequently arose from long than from short mother 
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segments with a frequency of 10 to 15% for twin 
segments. Branching 1S an important means of vegetative 
propagation in Hylocomium (Bengtson et al]. 1982). 

Busby (1976) reported that even when cyclic changes 
are observed in mosses, such patterns are not 
necessarily seasonal but reflect abrupt variations in 
temperature or water supply or both. Exposure to a very 
Saline solution for three days is an abrupt 
physiological change for Hylocomium samples and 
regrowth, upon recovery, uSually appears as a new 
segment (Ross Daley 1980). Poorly developed Hylocomium 
plants may be confused with Pleurozium however the 
presence of abundant paraphyllia (leaf-like scales 
produced on stems or branches of many pleurocarpus 
mosses) in Hylocomium is the best means of establishing 
the identity of doubtful specimens (Crum 1976). 

Hylocomium is one of the most studied feather 
mosses because of its cyclic growth phenomenon. Annual 
growth increments enabled Tamm (1953) to examine its 
seasonal growth, yield and nutrition, and relate these 
to environmental factors such as light and rainfall. 
Bengtson et a]. (1982) measured the weight, length and 
branching of the yearly segments to determine the 
effects of copper and zinc on its growth. Tamm claimed 
that the annual shoots of this moss are nutritionally 
isolated both from each other and from the soil. Soluble 


nutrients from leaves and bark of overstory are leached 
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out by rainwater, onto the moss carpet below, in 
Quantities corresponding to the uptake by the moss. 
Hylocomium has an efficient absorbing system for the 
nutrients washed out of tree crowns (Tamm 1953). Of the 
three feather mosses, it is best adapted for external 
water transport because of the presence of paraphyllia. 
Water in the apical region tends to be held there unless 
the amount of available water is high enough to 
physically overflow the leaf axil into the one 
immediately below it (Busby 1976). 

Tamm (1953) suggested that in Hylocomium potassium 
and sodium are accumulated in the young moss and then 
decreased in concentration, sodium very quickly, 
potassium at a slower rate as the moss matures. The 
bivalent and trivalent metals show a successive 
accumulation in the bud. Calcium concentrations increase 
with age on living and dead fronds. Calcium and 
potassium uptake is roughly of the same magnitude (Tamm 
1953: 1964). 

Tamm (1953) stated that moss growth is limited 
entirely, or partly by the nutrient supply or, beneath 
close canopy, by light. Beneath the tree canopy 
Hylocomium yield varies inversely with light intensity. 
At the same time nutrient concentration in the living 
moss increases with increases in shade, while the 
nutrient concentration of moss from outside the canopy 


was relatively constant, independent of exposure. The 
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individual variations in growth and nutrient 
concentrations were found to be very great in apparently 
homogeneous Hylocomium carpets (Tamm 1964). 

Tamm (1964) observed the dependence of the 
Hylocomium carpet upon tree canopy. Outside the tree 
canopy, annual yield of moss decreased proportionally 
with the distance from tree crown projections until it 
was replaced by other species. Shrubs and heather may 
act aS a Substitute for trees. Exceptions from this 
dependence are found on steep rocky slopes, where water 
often trickles through luxurient Hy/locomium tussocks. 
Steere et al]. (1977) noted that in areas where trees had 
been cut down, a stunted physiological form of 
Hylocomium splendens occurred and it is often referred 
to as Hylocomium alaskanum. 

Beil (1966) however used a multiple regression 
analysis of bryophyte cover in a Subalpine spruce-fir 
forest and concluded development of the moss cover 
appeared to be independent of tree canopy. Busby et a/. 
(1978) stated that, "the growth of Hylocomium splendens 
is so closely balanced with its microclimate that even 
the removal of a rather open shrub layer can have 
measureable effects on growth rates, however these 
effects are difficult to quantify since the growth of 


undisturbed moss is so variable." 
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PLATE 1: Feather mosses: Hy/ocomium splendens (left), 
Ptilium crista-castrensis (center), Pleurozium schreber i 
(right). (qraduatuons= 19cm) 


PLATE 2: Hy/ocomium splendens 
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2.2.4.2 Ptilium crista-castrensis(Hedw.)De Not. 


Hypnum crista-castrensis Hedw., Sp. Musc. 1801 p.287 
PlLijjum Cpeista-castrensis(Hedw.)De Not. Atti 0k. 
Genova. (1869)1:101 (Crum and Anderson 1981) 

Ptilium (Plate 3) has the most restricted 
geographical distribution and the wettest habitat of the 
three teather mosses (Achutt 91974 Achurt and la) Roi 
1977; Lee and La Roi 1979). Busby and Whitfield (1978) 
found it had the highest water content. It is a 
consistent member of the feather moss community but is 
rarely prominent (Busby et a]. 1978). However it appears 
to be the most prominent feather moss in the Swan Hills 
Site 1 area. It iS more prevalent on rotting logs at the 
Swan Hills site than the two other feather mosses (Ross 
Daley 1980). 

Ptilium was dominant in the oldest Picea-Abies 
forests in the Swan Hills. The Rubus/Ptil ium community 
was associated with higher altitude, higher 
precipitation, cooler summer temperatures, and lower 
soil nutrient availability than the Viburnum/Hylocomium 
community (Achuff 1974; Achuff and La Roi 1977). Ptilium 
tends to occur on steep, moist slopes of calcareous soil 
(Steere 1979). In a white spruce forest in Central 
Alberta, Winner and Bewley (1978) found that Ptilium and 
Hylocomium initially increase in number when the more 
sulfur dioxide sensitive and dominant P]eurozium 


diminished importance along a stress gradient. 
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"Ptilium plants are strikingly handsome and grow in 
shiny mats that are bright-green, yellow or golden in color. 
The feathery fronds curved at the tips are appropriately 
called the Knight's Plume. ‘'Crista' means a crest and 
ISaStrensis’ means Castle or fort” (Crum! 1976). 1t1s 
reported to sporulate very rarely, but where sporophytes are 
produced they can be rather abundant (two to five per 
frond) (During 1979)% Paull ium was a “must' for Victorian moss 
collectors because of its beauty; however it has received 
the least amount of attention of the three feather moss 


Species in modern day experiments. 


PLATE 3: Ptilium crista-castrensis 
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2.2.4.3 Pleurozium schreberi(Brid.)Mitt. 


Hypnum schreberi Brid., Musc. Recent., (1801)2(2)88 
Hylocomium schreberi(Brid.)De Not., Cron. Briol. Ital. 
ise 7) eaeaS 

Calliergonella schreberi(Brid.)Grout, Moss. Fl. North 
Amer. (1931)3:103 

Pleurozium schreberi(Brid.)Mitt., J. Linn. Soc. London 
Bot. (1869)12:537 (Crum and Anderson 1981) 

Pleurozium (Plate 4) has received more attention 
from researchers than Pti] ium and although ecologically 
Similar to Hylocomium, Pleurozium has a more restricted 
PaSGr Apical range in North America. It “occurs mainly in 
boreal and subarctic regions (Busby et a/. 1978) where 
it is found on humus, soil and other substrates, usually 
in dry, open woods, but also in bogs or wet coniferous 
woods. Plants occur in loose, pale green to yellow mats 
(Crum 1976). 

Pleurozium causes confusion today, not because of 
its various names but because of its various 
physiological forms of expression throughout the world. 
Data indicate Pleurozium has either plastic or genetic 
adaptation to different environments. It is at least 
functionally dioecious and no consistent differences in 
growth rate between male and female plants have been 
found. Functional male plants have been found to be 
widespread in northern Scotland and southern 


Scandinavia, but rarely farther south, over much of 
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southern Britain and parts of France (Longton and Greene 
1969). Rate of growth increased with increase in 
temperature, independently of photoperiod, over the 
range 5 to 20°C. The temperature optima for net 
asSimilation varied depending on the environment of the 
samples (Longton and Greene 1979). 

Crum (1976) of Michigan, in another example, 
reported "widespread occurrence of Pleurozium in the 
Northern Hemisphere, and its disjunction in Central and 
South America are difficult to understand, as it seldom 
fruits and has no mode of vegetative production." 
Contrary to Crum's findings, samples of P]Jeurozium 
collected at Swan Hills and Villeneuve had an abundance 
of spore capsules. 

The vegetative method of reproduction in P/Jeurozium 
was investigated by Longton and Greene (1979) ina 
series of experiments on leaf generation. "In mature 
gametophores of Pleurozium the stems are predominantly 
red in color, but a green apical region, where the 
internodes are expanded and the red pigmentation has not 
developed, extends up to 5 mm behind the terminal bud 
during the growing season. The capacity for regeneration 
was found to be restricted largely to leaves from the 
uppermost green branches and from the green apical 
region of the subsequent branches. Regeneration was not 
observed in leaves taken from branches which had 


attained their mature red color throughout.” Bates 
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(1979) stated that "no absolute demarcation can be drawn 
between 'dead' and 'living' shoot segments as different 
physiological processes decline at different rates as 
agingsoccurs... 

Crum (Wi976)e cited Ugqla’s. 1958 findings that 
Pleurozium and Hylocomium often lack connections with 
the substrates and are therefore usually completely 
consumed by forest fires. For example, in Northern 
Finland these species colonize burns only after thirty 
CORLOrty years.ethis JackFof direct contact with the 
Substrate has made it useful in air pollution studies 
(Rinne and Barclay-Estrup 1980). Tests by Longton and 
Greene (1979) showed that the addition of a nutrient 
solution to the soil around the base of the plants 
proved ineffective but spraying it directly onto the 
leaves prevented the occurrence of deficiency symptoms. 

Achuff. (1974), Achuff and La Roi (1977), and Lee 
and La Roi (1979) group Pleurozium and Ptilium together 
in terms of their moisture regime. Both have similar 
substratum affinities (e.g. percentage occurrence on 
wood and humus)(Lee and La Roi 1979). The three feather 
mosses are the dominant mosses in the upland areas of 
coniferous forests in Alberta (Brinkman 1929; Busby 
1976: Achuff and La Roi 1977; Lee and La Roi 1979; 


Hettinger 1980). 
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PLATE 4: 


Pleurozium schreber i 
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2.2.5 MOSSES AND SALTS 


Brown (1982) presented an overall view of moss/salt 
relations. Proctor (1981;1982) addressed the topics of 
mineral nutrition and excess salts in moss with two 
presentations on bryophyte physiology. Tamm (1953; 1964) 
reported his classical study of nutrition in Hylocomium 
splendens carpets. Longton and Greene (1969; 1979) have 
Studied nutrition and reproduction in Pleurozium schreberi. 
Rinne and Barclay-Estrup (1980) used Pleurozium schreberi to 
study heavy metal pollution in Canada. Ruhling and Tyler 
(1970), and Bengtson et a]. (1982) used Hylocomium splendens 
to study heavy metal pollution in Scandinavia. Shacklette 
(1965) stated that certain species of bryophytes are known 
to be either commonly or exclusively associated with mineral 
deposits, e.g. ‘Copper mosses'. However Brown (1982) 
suggested a single explanation for the occurrence of all 
species of 'Copper mosses' is very unlikely. 

The salts of sodium, potassium, calcium, and magnesium 
are of particular interest in the present study. Shacklette 
(1965) stated that bryophytes are generally very intolerant 
of salt although some species can endure relatively large 
amounts. Moss species in Utah will tolerate up to about 0.5% 
sodium chloride. In Alaska, Shacklette found six bryophyte 
species on substrates that were submerged in sea water at 
high tide and twenty three species at sites subjected to sea 
spray. Grimmia maritima grows on coastal rocks coated with 


sea salt. 
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Ine1$78, <Gewrs Smith cconcluded that pcunrelated to the 
distribution of individual species, the sodium concentration 
in bryophytes: 

1. "decreased with horizontal and vertical distance from 
the coast 

2. increased, up to five-fold, in the summer 

3. increased with wetness of the habitat and increased 
plant water content." 

Potassium concentrations were higher than those of sodium, 

but summer potassium levels were frequently less than those 

in winter. The concentration of calcium varied considerably 

and showed little consistency in seasonal fluctuation. 

Bates and Brown (1974) compared three seashore mosses 
(Grimmia maritima, Tortella flavovirens and Ulota 
phyllantha) to four inland species (Grimmia pulvinata, 
Grimmia trichophylla, Tortella tortuosa and Ptychomitrium 
polyphyllum) using artificial seawater solutions. Potassium 
loss from inland mosses occurred in Seawater concentrations 
exceeding 50% whereas seashore species withstood 
concentrations of artificial seawater up to 200% with little 
change. Treatment of the seashore moss, Grimmia maritima, 
with sodium chloride at the concentration in seawater 
produced almost complete loss of intracellular potassium. 
This effect was greatly alleviated by calcium, partially by 
magnesium and was nullified when sodium was accompanied by 
both calcium and potassium. G. pulvinata (inland moss) 


suffered potassium loss when immersed in seawater even when 
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the external calcium concentration was increased five-fold. 
Maritime species were not permanently damaged by immersion 
in seawater, but inland species were permanently affected 
(Bates 1976). Photosynthesis, protein synthesis, and 
chlorophyll concentrations were severely decreased in inland 
mosses compared to maritime mosses when treated with 
artificial seawater. Loss of potassium also occurred when 
Fontinalis antipyretica was treated with mannitol solutions 
having osmotic potentials equal to that of seawater (Brown 
IG 2). 

Magnesium was the prevalent cation in an alkaline 
industrial waste colonized by bryophytes in Britain. A 
Barbula-Funaria community grew on soils with a Mg/K ratio of 
52/1 and a more flushed community (near a stream) of 
Puccinellia and Pohlia proligera had a Mg/K ratio of 11/1. 
There is a wide variation in the absorptive capacity of 
different moss species for the four cations sodium, 
potassium, calcium and magnesium, which varies with 
ecological habitat (Mirza and Shimwell 1977). 

Boerner and Foreman (1975) compared the effects of salt 
spray on Ceratodon purpureus, Aulacomnium palustre and 
Polytrichum commune from three different habitats. Their 
three treatments were: 

1. @'samulated! Salts spray alone, fom thinty three ore forty 
four days 
Depmisaleuspray toumtniurty threemonwtOrlLymLoUm daySsplucsrive 


simulated rains 


a 


ns ietowal 
besGeits clsecamrg = — 


406 pheaaings nivteng \e 


baalnd ti Seanetoss qisistee o1tiv ‘end Liens ono 
ésiw Sesewae nadie aseeom onls tren az 68 an 
aes Sereitee cola mel eeeteg 2a) e003. 
enetgsloe [n¢tanmn G20 beseeas Gee solseratd 
west) sefeteed th sade 67 Gelpe elsizres4 
actipi§le ae ni aeisae trelevang ety aav mile 
4A .alasiae ahcesegtigoerad gd ‘ban dnwios ened 
to oitsy “ch @ Sle ae ne @etp yeiuenes Bln 
tc (mays a) oe? 2 Loy Bedew enon 
tart te obte® 1g@ bm exeghitw ah WO ere eh 
i sege9 wes. denon ath at qvisginey abiw a2 
nifda atodves wed 2tt-w9)) en] veges 
igew estves doid ou peanpem-See nee 
(TO) Juss yee Gite eae) seg dad 0 
fier to 8409730 9114 aah otacs vera) nees26t bee: o 
ban anteater mubrinemeuh: ena (ODS: 
14aaT .22e3'¢ant naastd ile wand o2% SONS ‘ 
7 imieov 


geso? Jo. wewhs Nasied S684 


evll suit) ayet: aey® @heotiae 


a2 


See vcontrol, Seresh=water misting for thirty “threetoei Sforty 
BOULE GAYS «. 

Following treatment applications a fourteen day recovery 

period followed, during which plants were misted with fresh 

water on all fourteen days. Percent green tips, opposed to 

brown tips, was the parameter of measurement. 

Boerner and Foreman (1975) found no significant 
differences in samples from the different habitats. It was 
concluded salt tolerance of moss is a species level trait, 
not a population level trait. There was also no direct 
relationship between soil type and salt tolerance of the 
various species. None of the three species survived the salt 
spray alone. Ceratodon showed some tolerance to salt spray 
when periodic rain was included. Boerner and Forman placed 
the three moss species in two groups used by Martin (1959) 
to classify the salt tolerance of vascular plants. However 
this grouping should be viewed with some caution considering 
the difference in the physiology of vascular plants versus 
mosses, especially the regeneration capabilities of mosses. 

Most moss species found in saltmarshes are widespread 
and common ina range of inland habitats, with Pottia heimii 
more frequent in saltmarsh sites than elsewhere in Britain 
(Adam 1976). The lowest stands with abundant representation 
of mosses are flooded by at least one hundred tides a year 
and included Pottia heimii, Amblystegium serpens, 
Eurphynchium praelongum, Cratoneuron filicinum, Campy] ium 


polygamum and Grimmia maritima. The majority of species in 
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Adam's list are found in areas liable to experience between 
twenty and fifty flooding tides in a year. There is 
considerable variation in the moss assemblages found on 
different marshes in various European countries, e.g. 
species present, dominant species, growth forms, numbers and 
Substrate. 

Vegetation changes occurring during land reclamation 
from the sea was studied by Joenje and During (1977) who 
observed initial colonization by 'weedy' bryophyte species 
such as Funaria hygrometrica, Marchantia polymorpha, and 
Physcomitrium pyriforme in areas where salt concentrations 
were rapidly reduced. In coarse sandy areas, Funaria grew in 
the wet winter months but was killed during the summer when 
desiccation caused increased salt contents at the soil 
surface. In silty sands, salinity declined slowly and the 
first colonist was Pottia heimii. 

For three years Rowell and Crepin (1978) monitored the 
Natural recovery of a very wet, Black Spruce/Sphagnum Bog 
near Swan Hills that was the site of a salt water spill. The 
time of the spill was not known, however they speculated it 
was two or three years before monitoring began. Considerable 
damage to the vegetation had occurred as a direct result of 
the high salt concentration. Natural leaching by rainfall 
reduced the concentration of salt at the soil surface to 
levels that allowed most of the affected area to revegetate, 


including the moss hummocks. 
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Hettinger (1980; 1983) monitored the upland vegetation 
at the brine spill reclamation plots in the Swan Hills. Main 
Encatmentsewere controky ibnine pluseilushpebpninespluser lush 
plus gypsum, and brine only. The three subtreatments 
included no seed-no fertilizer, seed plus fertilizer, and 
fertilizer. Having no roots may be an advantage for most 
upland mosses in a spill situation because there is no 
prolonged contact with saline soil. Species such as Sphagnum 
which occur in wet, poorly drained areas may be severely 
damaged by salt spills because brine tends to pool in 
depressions and at the bottom of slopes. Theoretically the 
exposure period to brine should be shortest for most 
bryophytes and lichens, followed by shallow rooted vascular 
plants and then by rooted woody species. 

The upland mosses, Hylocomium splendens, Ptilium 
crista-castrensis, and Pleurozium schreberi were monitored 
by Hettinger over a four year period. Hylocomium showed a 
high proportion of severely damaged tissue, although less 
extreme than for balsam fir seedlings. This moss exhibited a 
high mortality in the first year, especially in depressions 
where brine accumulated during application, and recovered 
relatively slowly at both test sites. It was concluded 
Hylocomium has a greater sensitivity to salinity, and 
recovery is slower than for the other feather mosses. 

Ptilium exhibited damage, but to a lesser extent than 
Hylocomium. Atypical of the general response trends of other 


plants, Ptilium often had the lowest proportions of damaged 
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tissue in the brine only plots. Pleurozium showed a more 
variable response but was most severely damaged by the brine 
only treatments, however it exhibited a marked recovery by 
the end of the second growing season. P]eurozium seemed more 
resilient than HyJocomium and was considered more salt 
tolerant. The pattern of damage to mosses was highly 
variable because those at the base of hummocks made contact 
with the brine whereas those at the top of the mounds 
frequently escaped. For this reason Hettinger (1983) 
considered mosses difficult to use aS monitoring species in 
field experiments. 

Difficulty in monitoring moss response was also 
experienced in preliminary laboratory studies (Ross Daley 
1980) that preceded the present study. After a three day 
contact period with brine solutions, most of the mosses 
turned brown, however after a recovery period in the 
greenhouse, green regrowth appeared. Of the methods tested, 
linear measurement of regrowth was the most satisfactory 
indicator of plant response. PlJeurozium schreberi was the 
reference species in experiments that also included 
Hylocomium splendens, Ptilium crista-castrensis, Dicranum 
polysetum and Polytrichum commune (Daley Ross 1980). The 
mosses' Salt Shock Tolerance was tested because plants were 
exposed, foreassnont. penlodeotiatime,.tova brineswithea high 
salt content. Salt content was measured by electrical 
COondluctEvitys [hic Guiters ftOmecalt Tolerancerewheresa 


plant grows at a relatively constant salt content or 
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electracal=conductivaty throughout) itsPlifes(Rossrand 
Webster 1983). Plants were in contact with brine solutions 
(OStore0)mS/em)s forsthree days, flushed withedist1lleduwater 
and allowed to recover in the greenhouse. Regrowth of most 
Species decreased suddenly in the 20 to 30 mS/cm treatment 
range. Hylocomium regrowth decreased at a lower electrical 
conductivity level than most other species and was 
considered the most salt sensitive species. PJeurozium was 
considered the most salt tolerant species and the response 
of Ptilium was between that of Hylocomium and Pleurozium 
(Daley Ross 1980). 

The most beneficial spill treatment tested was the 
water flush. A calcium nitrate solution (0.07 M) reduced 
regrowth in all three feather mosses, whereas P/e@urozium 
showed the best response to a gypsum treatment. Response of 
Ptilium to water flush and gypsum solutions was similar 
while regrowth was reduced somewhat in the fertilizer 
treatment. Hylocomium regrowth in gypsum and fertilizer 
treatments was about 65% and 50% respectively, of that 
obtained in water flush treatments (Daley Ross 1980). 

In addition to using regrowth to measure response some 
of other methodology findings were, the importance of high 
humidity to prevent salt deposits on moss tips during the 
treatment phase and to increase the amount of regrowth 
during the recovery phase. Moss segments, wrapped with nylon 
net, inserted into plastic vials was the favored method for 


applying treatments because the amount of space and 
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solutions could be reduced. Bundles were closer to the moss 
spacing in nature. All treatments were applied as solutions 
and bundles were immersed in a 1/5 nutrient solution during 
recovery (Ross Daley 1980). 

There was an indication that moss response to non-salt, 
osmotic stress (mannitol) varied from response to osmotic 
plus specific ion stress (brine) (Ross 1981, unpublished 
results). Slayter (1967) stated that progressive reductions 
in growth rate caused by increased salinity appeared to be 
caused primarily by the effect of excess ion accumulation in 
the affected plants. Direct osmotic effects, acting through 
reduced water availability to the plants appear to be of 
secondary importance. Salinity effects on plants have a dual 
Nature in that salts change both water relations and the 
electrolyte balance of plant tissues. If there is no salt 
uptake but low water potentials as in non-electrolytic, 
osmotic solutions of mannitol or sorbitol, the consequences 
will be the same as for plants grown under drought stress 
(Greenway 1973). 

In a review of osmoregulation in plants, Hellebust 
(1976) commented "little is known about moss osmoregulatory 
functions." Within a publication by Lange ef a/. 1983, Wyn 
Jones and Gorham (1983) give an updated reveiw of 
osmoregulation in plants however, nothing is said about 
moss. 'Moss' or 'bryophyte' does not appear in the index of 
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3. METHODS AND MATERIALS 


3.1 SPECIES AND SOURCES 

The three prominent moss species at the Swan Hills 
reclamation plots (Hylocomium splendens, Ptil ium 
crista-castrensis and Pleurozium schreberi) were used in 
Experiments 1, 3 to 6. Ptilium and P]leurozium were used in 
Experiment 2. Moss samples came from the Swan Hills or 
Villeneuve areas of Alberta. They were either put directly 
in the cooler (wet storage) or air dried, then put in the 
cooler (dry storage). The wet storage samples were gathered 
in the area of the Swan Hills reclamation plots on July 9, 
1980. Mosses, eSpecially Hylocomium, turned brown when held 
in the cooler in a wet condition therefore dry storage was 
adopted. The Villeneuve samples were gathered on May 5, 1981 
and Swan Hills samples on June 4, 1981. 

Brown moss refers to segments that were more brown than 
green, actually the rejects of material stored by the wet 
storage method. The brown Hylocomium segments had already 
been discarded therefore it was absent in Experiment 2. With 
the original starting material being brown colored, any 
regrowth would appear as green colored material and 
therefore the two could be easily separated. 

Samples were best sorted in a dry or slightly damp 
State. Moss segments or tips (top 20 mm) were selected, 
trimmed, washed in tap water to remove debris, rinsed in 


distilled water and excess moisture removed by centrifugal 
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force. Each replicate contained twenty five individual moss 


segments or tips and each treatment was replicated six times 


in randomized block or factorial designs. 


3.2 EXPERIMENTAL PROCEDURES 


All six experiments followed three main procedures 


(Table 3). Two types of culture (BAG or NET) were used and 


two methods of regrowth meaSurement were tested (Bag Weight 


Difference and Clipping Weight). Stress solutions (Distilled 


Water, Brine or Sorbitol) were applied for seventy two hours 


(three days) in Experiments 1 to 4 and 6. 


the stress was applied for two, 


days. 


Lour? 


In Experiment 5 


S1x, eight or ten 


TABLE 3: Outline of procedures used in the six experiments 


EXPERIMENTS 1+3 


WEIGH 
STRESS 
FLUSH 
DRY 
WEIGH 
RECOVERY 
DRY 
WEIGH 
CLre 


WEIGH REGROWTH 


EXPERIMENTS 2+4+5 


STRESS 


FLUSH 


RECOVERY 


DRY 


Chi P 


WEIGH REGROWTH 


EXPERIMENT 6 


STRESS 


FLUSH 


POST ELUSH 


RECOVERY 


DRY 


CLIP 


WEIGH REGROWTH 
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3.3 BAG CULTURE 

Bag and Net Cultures involved different plant lengths, 
different containers, different plant positions for 
recovery, as well as different weighing methods. I designed 
and manufactured all of the bags and bundles used throughout 
the experiments. In 'Bag Culture' (Experiments 1 and 3) 
twenty five moss tips were added to a polyester bag 
(approximately 5 X 10 cm) made of sheer polyester curtain 
material. There was an indication that some moss particles 
were lost when bags and moss were immersed ina liquid. 
Therefore weights were recorded before and after the stress 
was applied. The weight of bag plus moss was recorded at 80% 
relative humidity. Each bag was then placed ina vial, 
positioned in one cell (4 X 6 cm) of a six celled plastic 
propagation insert. A large plastic tray (26 X 52 cm) held 
eight of the six celled inserts (Model 806, WestCan 
Horvicultural sSuppltes mand a totaliiot forty eight vials. 
Amber colored vials (12 dram size, 65 ml) were used in an 
attempt to reduce light and surpress growth of algae in the 
nutrient solution. Both tray and inserts had drainage holes. 

The stress solutions were added to the vials for 
seventy two hours (contact time). Plants were drained, then 
put in a distilled water flush for one hour (the six 
replicates were placed in a one liter container of distilled 
water). Polyester bags plus moss were air dried and stored 
at 80% relative humidity then weighed. Bags and plants were 


then placed in a vertical position in “clean, dry vials for 
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recovery in the greenhouse tunnel. After the recovery 
period, polyester bags and moss were dried and weighed at 
20% relative humidity. The change, before and after 
recovery, (Bag Weight Difference) was calculated for 20% 
relative humidity with a conversion factor derived by a 
standard set of polyester bags plus moss weighed at both 20 
and 80% relative humidity. It was speculated that the Bag 
Weight Difference, used only in Bag Culture, could be 
subject to a number of extraneous losses and gains in the 
system, therefore after the Weight Difference was recorded, 
regrowth was clipped from the original plants. Clippings 
were put in small pellon bags (approximately 3 X 7 cm) to 
weigh regrowth at 20% relative humidity and the Clipping 
Weight (Plate5) calculated. The Clipping Weight was the only 
method of weighing used in Net Culture, described in the 
next section. The Bag Weight Difference and Clipping Weight 


are compared in Experiments 1 and 3. 


3.4 NET CULTURE 

In Net Culture (Plate 6)(Experiments 2, 4, 5 and 6) 
twenty five moss segments were wrapped with a nylon net disk 
and tied with thread to form a cone shaped bundle. The net 
bundle was put in a vial, positioned in the plastic insert 
cell and the stress applied for the given amount of time 
followed by the distilled water flush. In Experiment 6 a 
factorial design was used for post flush treatments with 


seven levels of calcium and three levels of potassium. After 
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the flush, net bundles were left to drain overnight before 
post flush treatments were applied for seventy two hours. 
Bundles were then drained and placed in a horizontal 
position, on the bottoms of clean plastic cells for 
recovery. Regrowth was then 90° to the original material. 
Plants in Experiments 2, 4, and 5 were treated in a similar 
manner but went directly to the greenhouse for recovery 
after the distilled water flush. After recovery, samples 
were air dried, the regrowth clipped, and put into small 
pellon bags. Pellon bags plus moss were held at 20% relative 
humidity to weigh regrowth and the Clipping Weight 
calculated by subtracting the weight of pellon bag alone at 
20% relative humidity. 

A large magnifying glass mounted on a stand, forceps 
and a dissecting microscope light were used in the removal 
of regrowth from the original material (Plate 5). Adequate 
lighting was necessary to prevent eye strain. A Type H6 
Mettler Analytical Balance was used for weighings and the 
Standard set of polyester bags plus moss, was weighed prior 


to each weighing session. 
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PLATE 5: Regrowth removed and weighed in pellon bags for 
Clipping Weight 


“wa | 


a * 
PLATE 6: Net Culture; Expts. 2, 4, 5 and 6 
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3.5 SOLUTIONS 

All treatments were in solution form and were applied 
in the laboratory, plants were then moved to the greenhouse 
for recovery. Vials included snap on caps which helped 
hasten operations, especially in Experiment 6. Solutions 
were prepared ahead of time, added to the vials and capped 
until plants could be inserted. Distilled water only was the 
"stress' (Table 3) applied for seventy two hours in 
Experiment 1. Brine and sorbitol were used in Experiments 2, 
3 and 4 and brine only in Experiments 5 and 6. Both brine 
and sorbitol were adjusted to pH 7 with sodium hydroxide and 
hydrochloric acid. The brine (Table 4) was collected from 
Home Oil Battery A3, near Swan Hills. The sorbitol 
solutions, which gave the osmotic effect without the 
Specific ion effect, were made to the electrical 
conductivity equivalent of the brine solutions using the 
osmosity? of mannitol (Weast 1979). Mannitol has the same 
empirical formula and molecular weight as sorbitol, but 
different positions for the hydroxal (-OH) and hydrogen (-H) 


groups. 


2Molar concentration of NaCl with same freezing point or 
osmotic pressure as given solution 
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ad=SORBITOL 


On Hy POH? OH 
HOCH? as =C4-C]—C—--CH- OH 
H GOH. He =H 


d-MANNI TOL 


Hy =H OH OH 
HOCH a= GaaCeaors Ca oCHe On 
OnVOH HH 


FIGURE 3: Structure of sorbitol and mannitol 


Five levels or concentrations of brine and sorbitol (0 
to 40 mS/cm) were compared in Experiments 2, 3, and 4 witha 
contact time of seventy two hours (three days). Four 
concentrations of brine only (0 to 60 mS/cm) were used in 
Experiment 5 with contact times from two to ten days. 
Experiment 6 used brine at 30 mS/cm applied for seventy two 
hours, followed by distilled water flush. Post Flush 
Treatments with seven levels of calcium sulfate (0 to 300 
mg/L(ppm)), three levels potassium sulfate(0 to 100 
mg/L(ppm)) or combinations of the two, for a total of twenty 
one different treatments, were added to the vials for 


seventy two hours. 
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TABLE 4: Analysis*® of brine sample 
Home Oil Battery A3, Swan Hills 


Chloride 2770 30 mg/L (ppm) 
Sodium 14,457 " 
Calcium and Magnesium S026 c 
Sulfate 634 
Bicarbonate 286 : 
Potassium 205 id 
Ammonium-nitrogen 44 : 
Nitrate-nitrogen 3) B 
Boron Boho | 2 
Iron eat) 
Phosphorus Orel s 
PH et 
Electrical (Conductivity G72) mS/cm 
Sodium Adsorption Ratio 92.4 


3 Alberta Environment, Earth Sciences Division 
Lethbridge, Alberta 
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3.6 RECOVERY 

Longton and Greene (1979) found if the nutrient 
solution was applied directly onto moss leaves, instead of 
to the growing media, nutrient deficiencies were prevented. 
Therefore unlike my preliminary experiments, mosses were 
misted with nutrient solution rather than being immersed in 
it. The macro nutrient solution was an adaptation from 
Basile (1975). The cobalt concentration was used by Hewitt 
(1952) and the rest of the micronutrients was an adaptation 
from Gooper (1975). A 1/20 nutrient solution (Table 5). made 
with distilled water, was misted on the plants during 
recovery in the 'tunnel' in the greenhouse. The ‘tunnel’ 
consisted of 6 mil plastic draped over metal arches, which 
were attached to a greenhouse bench. Containers of water and 
aatiimeof waterjon’ the plasticvon’ the floor of the bench 
were used to raise the relative humidity. The greenhouse 
temperature was 20°C+2 with a photoperiod of eighteen hours. 
Cool white fluorescent light was used to supplement natural 
light. A double layer of cheese cloth was placed on the 


south side of the tunnel to shade the moss. 
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TABLE 5: Full strength (1/1) stock solution for 1/20 
nutrient solution misted on mosses during recovery 


Chemical g/liter mg/L (ppm) mg/L (ppm) 
Ca(NO3;)2.4H20 ee (70s 0eCa 119.0 NO3-N 
(NH, ) 2SOy 0 106.0 NH,-N 363.0 SO, 
Na2HPO,.H20 0505 14.4 Na Spy! 
MgSO,.7H20 0.25 24.6 Mg 67220 SO, 
KH2PO, G20 Stes ORK AD Oe 
Chelated iron' 0.01 tela re 

Micronutrients? deere tL BELOW 


"Na ferric diethylenetriamine pentaacetate 
*Micronutrient formula given in Table 6 


TABLE 6: Micronutrient stock solution used in (1/1) stock 
solution (1 mL/liter of full strength stock solution) 


Chemical g/liter mg/L (ppm) 

(In 1/1 solution) 
MnSO,.H20 i S52 O50 Mn 
H3BO3 1HE162 Cee B 
CuSO, .5H20 Oo 2E50 Oe 07, Cu 
(NHy ) 6MO7024.4H20 On 029 0.007 Mo 
ZnSO,./H20 0.3080 O.50:7 Zn 


CoCls.6H,0 D010 0.00025 Co 
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3.7 RELATIVE HUMIDITY 

From the literature and from experience in my previous 
experiments, it was concluded that relative humidity was a 
factor to consider during the experiments. A plastic covered 
the plants during the treatment stage in the laboratory, to 
prevent salt or sorbitol deposits on moss tips. Water was 
added to the tunnel to help keep the relative humidity 
higher than the open air in the greenhouse. 

It was speculated that the amount of regrowth produced 
by the moss would be very small and therefore changes in 
laboratory relative humidity from day to day may influence 
the sample weights. To reduce the variations somewhat, two 
holding cabinets one for high relative humidity and the 
other for low relative humidity were constructed with wooden 
frames (52 KX 52 X 52 cm), covered with 6 mil polyethylene 
film. The cabinets were used to hold the bundles and 
polyester bags before treatment (80%) and polyester and 
pellon bags (20%) before weighing. The exception to this was 
in Experiments 1 and 3 where polyester bags were held at 80% 
relative humidity in the 'before' recovery weighing (see 
TFablen3)% 

Two saturated salt solutions were used to control 
relative humidity (Winston and Bates 1960). Petri dishes of 
each solution were placed in the bottom of their respective 
Cabinet and a protective plastic screen placed over top to 
prevent moss samples from falling into the solutions. 


Saturated potassium acetate gave about 20% relative humidity 
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and saturated ammonium sulfate, gave about 80% relative 
humidity. Water was added or removed from the petri dishes 
of salt solutions over time as the relative humidity of the 
laboratory varied. Potassium acetate takes a long time to 
reach its Saturated state, when making a new solution 
(Winston and Bates 1960). Therefore instead of renewing the 
solution, periodically all petri dishes were emptied into a 
large beaker and the water boiled off. Any extra was stored 
in a plastic container and added to the dishes when 
necessary. 

During the weighing process, plastic trays of sample 
bags were put inside horizontally placed double plastic 
bags. This was to minimize the change in weight caused by 
variation in relative humidity between the holding cabinets 
and the balance. One sample bag at a time was transferred to 
the balance and then back into an empty tray inside the 
plastic bags. The tunnel and holding cabinets were designed 


by the researcher. A summary of the experiments follows. 
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3.8 SUMMARY OF EXPERIMENTS 

EXPT. 1: WEIGHT vs TIME (Green Tips, Bag Culture) 
SPECIES (Spp.): Hylocomium, Ptilium and Pleurozium 
MOSS SOURCE: Villeneuve; May 5, 1981; dry storage 
STRESS AGENT: Distilled Water LEVEL* E.G. UmS7cm 


CONTAGT TIME: #2uhoursats days) June#2-5751961 


RECOVERY TIMES: 4 weeks dune Ssduly ens, 1280 
7 weeks June 5-Aug. 5 
10 weeks June 5-Aug. 26 
13 weeks June SaSept. W416 
16 weeks Jvune 5S=-Oct. i 
19 weeks : June: S-Oct,. 928 
22 weeks Junes5=Nov..1118 
25 weeks June 5-Dec. g 


OBSERVATIONS: 3 Spp. X 8 Times X 6 Reps.= 144 


MEASUREMENTS: Bag Weight Difference; Clipping Weight 


EXPT. 2: BRINE/SORBITOL (Brown Segments, Net Culture) 
SPECIES (Spp.): Ptilium and Pleurozium 


MOSS SOURCE: Swan Hills; July 9, 1980; wet storage 
STRESS AGENTS: Brine or Sorbitol 


BEVELS*=eheCe equivalentsa0,010, 20, 30, 40 mS/cm 


CONTACT TIME: 72 hours (3 days); June 8-11, 1981 
RECOVERY TIME: 17 weeks; June 11-Oct. 7, 1981 
OBSERVATIONS: 2 Spp. X 2 Stress X 5 Levels X 6 Reps.= 120 


MEASUREMENTS: Clipping Weight 


‘BC. =Electrical Conductivity 
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EXPT. 3: BRINE/SORBITOL (Green Tips, Bag Culture) 


SPECIES (Spp.): Hylocomium, Ptilium and Pleurozium 

MOSS SOURCE: Swan Hills; July 9, 1980; wet storage 

STRESS AGENTS: Brine or Sorbitol 

LEVELS: E.C..’ equivalents 0, 10, 20; 30, 40 mS/cm 
CONTACT TIME: 72 hours (3 days); June 7-10, 1981 

RECOVERY TIME: 22 weeks; June 10-Nov. 10, 1981 
OBSERVATIONS: 3 Spp. X 2 Stress X 5 Levels XK 6 Reps.= 180 


MEASUREMENTS: Bag Weight Difference; Clipping Weight 


EXPT. 4: BRINE/SORBITOL (Green Segments, Net Culture) 


SPECIES (Spp.): Hylocomium, Ptilium and Pleurozium 

MOSS SOURCE: Villeneuve; May 5, 1981; dry storage 

STRESS AGENTS: Brine or Sorbitol 

LEVELS: E.C. equivalents 0, 10, 20, 30, 40 mS/cm 

CONTACT TIME: 72 hours (33days)* Aug. 7-107, 19381 

RECOVERY TIME: 30 weeks; Aug. 10, 1981 to Mar. 10, 1982 
OBSERVATIONS: 3 Spp. X 2 Stress KX 5 Levels X 6 Reps.= 180 


MEASUREMENTS: Clipping Weight 


iE.Ge=blectnical Conductivity 
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EXP) oe BRINE-EXPOSURE SEI MESVSELEVEL 
(Green Segments, Net Culture 


SPECIES (Spp.): Hylocomium, Ptilium and Pleurozium 
MOSS SOURCE: Villeneuve; May 5, 1981; dry storage 
STRESS AGENT: Brine 

LEVELS? 02. Ce 0) 20, 40 CO smScm. 


CONTACT TIMES: 48 hours ( 2 days) Sept +27 -Sepeeeco woo! 


96 hours ( 4 days) Sept cy Or, 1 
144 hours ( 6 days) Septesee =OCt. g 
192 hours ( 8 days) Septe2y =OCeE. 5 
240 hours (10 days) Sept. .27-ocu. 1 


RECOVERY TIME: 30 weeks; Oct. 7, 1981-May 3, 1982 
OBSERVATIONS: 3 Spp. X 4 Levels X 5 Times X 6 Reps.=360 


MEASUREMENTS: Clipping Weight 


ieeC y= Electrica. COnduCLIVILy 
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EXPL. 62 Ca/kK* POST FEUSHETREATMENTS 
(Green Segments, Net Culture 


SPECIES (Spp.): Hylocomium, Ptilium, and Pleurozium 
MOSS SOURCE: Hy/ocomium; 
Swan Hills; June 4, 1981; dry storage 
Ptilium and Pleurozium;: 
Villeneuve; May 5, 1981; dry storage 
STRESS AGENT: Brine 
LEVELS 2 ESCs 230 emS/cm. 
CONTACT) TIME: Brineutore72) hours (3 days): Dec. 95-8," 1981 
POST FLUSH TREATMENTS: 21 treatments (7 Ca X 3 kK) 
GONTAGCT TIME: Ca/K Gore72 hours (3edays), Dece 9-12-0198 1 


CaSO, .2H20 


FACTORIAL 20062508) 000 mg/h ppm )aCa 


K2S0,4 50 


100 


mg/L (ppm) K 
RECOVERY TIME: 25 weeks: Dec. 12, 1981 to June 7, 1982 
OBSERVATIONS: 3 Spp. X 7 Ca X 3 K X 6 Reps.=378 


MEASUREMENTS: Clipping Weight 


1Ca=Calcium K=Potassium 


2m, Cuehlectrical Conductivity 
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4. RESULTS AND DISCUSSION 


4.1 WEIGHT vs TIME-EXPERIMENT 1 

Riely et a]. (1979) stated that, "measuring the annual 
growth of bryophytes is difficult because of their small 
Size, delicate nature and the variety of growth patterns 
found in different species. It is also hard to decide what 
constitutes a single plant, and to determine the limits of a 
Single year's growth." Riely et al]. (1979) had difficulty 
monitoring moss growth, in particular, Pleurozium. The 
monitoring of moss growth, over time, was also a problem for 
Busby (1976) and Hettinger (1981; 1983) in their field 
experiments. 

Various researchers have experienced difficulty in 
monitoring (Wilmot-Dear 1980; Furness and Grime 1982a) and 
growing (Wigglesworth 1947; Busby 1976; Longton and Greene 
1979) mosses under controlled conditions in the greenhouse. 
Therefore Experiment 1, of the present study, was designed 
as a monitoring experiment to determine: 

1. if moss could be grown successfully over a period of 
time in the greenhouse, 

2. if the regrowth could be measured accurately, and 

3. the approximate recovery period needed before 
measurements are taken. 

This experiment could also be considered a ‘control’ 

experiment with eight regrowth sampling times instead of the 


one sampling time used in Experiments 2 to 6. Plants in 
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Experiment 1 were subjected to the same procedure (Table 3) 
as the other experiments except distilled water (0 mS/cm) 


was the only stress agent applied for seventy two hours. 


4.1.1 REGROWTH BIOMASS 


Forman (1969) compared coverage/m?, energy/m?, and 
biomass/m? as measures of bryophyte standing crop in various 
ecosystems. Coverage was regarded as a relatively poor 
measure of standing crop. Plasticity within bryophyte 
populations makes the use of shoot length as a measure of 
performance somewhat questionable. It was concluded 
energy/m’?, measured in Kcalories, was the best measure for 
general ecosystem purposes. However, in its absence, 
biomass/m? was a good estimate because curves for energy and 
biomass were very Similar (Forman 1969). 

Biomass/m? was used by Riely et a]. (1979) in their 
study of the ecological role of bryophytes in an oak 
woodland in North Wales. Dry matter biomass was suggested as 
a measure of bryophyte performance, particularly if 
comparisons between populations in different environments 
are involved (Furness and Grime 1982a). In contrast to the 
three previous sources, Vitt and Pakarinen (1977) concluded 
that production cannot be estimated by use of phytomass 
(green moss portions), because both growth patterns and 
rates of decomposition vary between habitats. 

In the present experiments moss regrowth was considered 


a reliable measure of experimental results (Mayo 1981, 
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personal communication). For reclamation purposes, biomass 
was regarded as the most important factor. Therefore 
regrowth biomass, in grams, was adopted as the term of 
expression for experimental results, rather than using a 
relative term. A relative term would express regrowth as a 
fraction or percentage of the total original moss biomass. 
In Experiment 1 a relative expression, regrowth percent (see 
Percent Regrowth), was used in addition to regrowth biomass. 
Percent regrowth was used to compare regrowth in the three 
feather mosses. 

Standard error of the mean was used to measure 
variation throughout the experiments as response of the 
population was of interest, rather than response of 
individual plants. Tamm (1953) stated the standard 
deviations of each moss sample mean averaged about 20%, and 
the standard deviations of individual moss plants must still 
be higher. “Evidently the biological variation inherent in 
the Hylocomium community is much greater than the errors in 
the measurements" (Tamm 1953). 

Monthly growth production is small compared with the 
existing total biomass (Busby 1976). In Experiment 1, moss 
tips were used instead of the longer moss segments to 
increase the proportion of regrowth biomass to original 
biomass. All bags contained the same number of tips (twenty 
five) and all were of equal length (20 mm) at the start of 
the experiment. Hylocomium tips were the heaviest, two to 


three times the weight of Ptilium or Pleurozium. Ptilium 
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tips had the lowest starting weight. Under the given 
conditions, Hylocomium gave the greatest amount of regrowth 
biomass and Ptilium the least (Figure 4) by both weighing 
methods. The statistical significance of these values are 
compared for Bag Weight Difference (Table 7) and for 
Clipping Weight (Table 8). 'Replicates' was the only 
variable that showed a difference in the analyses of the two 
weighing methods. In the Bag Weight Difference values, 
"Replicates' was not significant whereas in the Clipping 
Weight values, 'Replicates' was highly significant (P<0.01). 
Differences in regrowth values of 'Species', 'Time' and the 
"Species X Time' interaction were highly significant 
(P<0.01) in Experiment 1 (Tables 7 and 8). 

Regrowth of Hylocomium appeared as a new ‘Segment’ 
(Bengtson et a]. 1982) or 'increment' (Tamm 1953; Busby 
1976) throughout the experiments. In the field, annual 
growth of Hylocomium forms a new branch on the moss 
sympodium (Bengtson et a]. 1982). Annual growth increments 
were used by Tamm (1953; 1964) to investigate seasonal 
growth, yield and nutrition of Hylocomium. Busby (1976) 
Stated the cyclic changes in HyJocomium are not necessarily 
seasonal but reflect abrupt changes in temperature or water 
supply or both. Results of Experiment 1 would agree with 
this as there was a change of temperature, from the cooler 
chamber to the laboratory, and a change in water supply. In 
Experiments 2 to 6 contact with brine or sorbitol would also 


be considered an abrupt change for Hy/locomium. Regrowth of 
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Hylocomium appeared as a new increment arising from the back 
of the previous season's segment. 

It was speculated the decrease in regrowth biomass for 
Ptilium and Pleurozium at twenty two weeks (Figure 4) was 
related to the removal of shades from the greenhouse roof 
and the shut down of the cooling system in preparation for 
winter. There were a number of very warm sunny days after 
this, which caused a large increase in temperature and 
presumably a corresponding decrease in relative humidity. 
Ptilium regrowth and to a lesser extent P/Jeurozium regrowth 
tended to stick on the bag, when material was removed for 
clipping, which resulted in a lower value for the Clipping 
Weight than the Bag Weight Difference (Figure 4). The 
Sticking problem was reduced somewhat, if material was 


removed while the bag was damp. 
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TABLE 7: Analysis of variance, BAG WEIGHT DIFFERENCE 
Regrowth of three feather mosses after DISTILLED WATER 
stress for three days. Eight recovery times. 


EXPT. 1, Green Tips, Bag Culture 


VARIABLE 
Replicates 
Species (Spp.) 
Time 

Spp. X Time 
BEnOG 


Total 


DF 


s) 


SS 
003146 
BUI 072 
a2 2020 
102686 
203398 
woos 02 


MS 


.00064 
704536 
J0S26u 
ZOOM 2 
.00030 


TABLE 8: Analysis of variance, CLIPPING WEIGHT 
Regrowth of three feather mosses after Distilled Water 
stress for three days. Eight recovery times. 


EXPT. 1, Green Tips, Bag Culture 


VARIABLE 
Replicates 
Species (Spp.) 
Time 

Spp. X Time 
BEDOT, 


TOtal 


NS=Not Significant 
*=Significant (Ps0.05) 


DF 


5 


SS 
nOOTaIS 
hei cd ie: 
eal 2 5r 
~ 037 06 
el ONES) 5) 


pore iene. 


MS 


.00143 
507636 
JONsL ow, 
~00265 
SOOO) 


**=Highly Significant (Ps<0.01) 
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4.1.2 PERCENT REGROWTH 


Furness and Grime (1982a; 1982b) compared the growth 
rates of forty species of bryophytes of contrasting growth 
forms and ecology, over a range of temperatures using the 
mean relative growth rate as an index. That is the slope of 
a fitted linear regression of log,, dry weight on time. To 
compare the three moss species of my Experiment 1, ona 
relative basis, regrowth was expressed as percent regrowth 
[(Bag Weight Difference/Original Moss Weight) X 100] or 
[(Clipping Weight/Original Moss Weight) X 100]. The gap 
between regrowth of Hylocomium and the other mosses in 
Figure 4 was closed considerably in Figure 5. Analysis of 
variance was not performed on the percent regrowth values 
but one can compare data by use of the standard errors. The 
relative growth of Hylocomium and Pleurozium was similar. 
Clipping Weight percentage values (dashed line) for 
Hylocomium and Pleurozium overlap except from seven to 
thirteen weeks. Ptilium Clipping Weight percentage values, 
the lowest of the three species, are different from those of 
Hylocomium and Pleurozium over the entire recovery period, 
except at nineteen weeks. At nineteen weeks the standard 
errors for Ptilium and P]leurozium overlap. 

Experiment 1 proved moss could be grown successfully 
over a period of time in the greenhouse. Hylocomium seemed 
well suited to Bag Culture in this experiment. The two 
weighing methods (Bag Weight Difference and Clipping Weight) 


produced almost the same values for Hylocomium, also the 
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trends were the same for Pleurozium and to a lesser degree 
for Ptilium. The difference between the two methods for 
Ptilium and Pleurozium was the result of moss regrowth 
sticking to the bags, as explained previously. It was 
necesSary to wait for seven weeks of recovery before a 
positive value was recorded with the Bag Weight Difference. 
The curves start to level off after sixteen weeks. 
Experiment 1 was under 'ideal' conditions therefore it was 
decided at least sixteen weeks of recovery would be needed 
before meaSuring regrowth in the next experiments because 
mosses would be subjected to conditions that were far from 
ideal. Furness and Grime (1982b) stated that long-term 
growth experiments appear to present fewer problems. 

A strong odor was detected, after the distilled water 
flush in Experiment 1, which led to a fear that regrowth may 
not occur. The odor suggested, there was a considerable 
amount of microbial activity during the time of stress 
application. Also the control treatments, distilled water (0 
mS/cm equivalent) were the most odoriferous throughout 
Experiments 2 to 5. Experiment 6 did not include a distilled 
water control. Microbes were artifacts in Gupta's (1977) 
studies of respiration responses of bryophytes to 


desiccation. 
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4.2 COMPARISON OF TECHNIQUES 

Experimental techniques compared in Experiments 1 to 6 

were as follows: 

1. two types of culture, Bag and Net 

2. two weighing methods, Bag Weight Difference and Clipping 
Weight 

3. two moss storage methods, wet and dry 

4, two moss lengths, tips and segments 

5. two colors of moss samples, brown and green 

6. three sources of moss samples; Swan Hills 1980, Swan 
Hills 1981, and Villeneuve 1981. 

The topics of culture methods, weighing methods, and brown 

versus green moss are expanded further in later sections. 

See the Summary of Experiments at the end of Methods and 

Materials for more details. The sequence of procedures was 

outbaned ineTable 3% 

Two methods of culture were compared in the first four 
experiments. Experiments 1 and 3 used Bag Culture with 
polyester bags. The stress (Table 3) agent used in 
Experiment 1 was distilled water only. Two stress agents, 
brine or sorbitol at five concentration levels, were used in 
Exper ments. sihnesektect of varied Sstressuagents on “the 
weighing methods is presented later in the Comparison of 
Weighing Methods section. Regrowth weight was measured by 
two different methods Bag Weight Difference and Clipping 
Weight in Experiments 1 and 3. In the Bag Weight Difference 


both polyester bag and moss contents were weighed at the 
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beginning and at the end of the recovery period. To 
determine the Clipping Weight, regrowth was removed from the 
Original moss after the recovery period. Clippings were put 
into small pellon bags (Plate 5) and stored at a relative 
humidity of 20% before weighing. This relative humidity was 
obtained by using a saturated potassium acetate solution in 
the holding cabinets. Unlike the larger polyester bags, 
pellon bags were used for weighing regrowth only. Pellon 
bags were NOT used in the greenhouse during the recovery 
period. Only green moss tips were used in Experiments 1 and 
3, however the source and storage method of samples varied. 
Experiment 1 used dry storage samples collected from 
Villeneuve 1981, whereas Experiment 3 used wet storage 
Samples collected from Swan Hills in 1980. 

Experiments 2 and 4 used Net Culture (Plate 6) with 
brine or sorbitol applied as the stress agents. Unlike 
Experiments 1 and 3, mosses were placed directly in plastic 
inserts in a horizontal position for recovery and only the 
Clipping Weight was used to measure regrowth. Net Culture 
was used to compare brown and green moss segments. Brown 
moss segments (Experiment 2) were from the wet storage 
samples, collected from Swan Hills 1980 (same source as 
Experiment 3 samples). Green segments (Experiment 4) were 
dry storage samples collected from Villeneuve 1981 (same 


Source as Experiment 1 samples). 
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4.2.1 BAG CULTURE 


Bag Culture was a very time consuming method in terms 
of preparation and procedure. In an attempt to reduce 
extraneous weight losses or gains, both bags and moss 
Samples required extra preparation time. Polyester bag 
material had to withstand the recovery period, which likely 
included a certain amount of microbial action. By the end of 
Experiment 3, thread was starting to disintegrate on some of 
the bags. Algae was a greater problem in Experiment 3 than 
in Experiment 1. Bags remained in the vials for the recovery 
period in both experiments and there was a tendency for 
water to accumulate in the vials. Placing the bag directly 
in the plastic cell would have alleviated the water 
accumulation as there were drainage holes in both the 
plastic insert cells and the large holding trays. This may 
have reduced the growth of algae but the loss of moss 
fragments may have increased with free movement of water 
through the bags during misting operations. These potential 
losses and gains in weight would be a concern if the Bag 
Weight Difference was used for measurement of regrowth. Bags 
were weighed after the water flush because moss fragments 
were lost during the stress and flush treatments. The 
negative values for Ptilium and Pleurozium at four weeks in 
Figure 5 indicate more fragments were lost when the bags 
were misted during the recovery period. 

Hylocomium seems well suited to Bag Culture if the 


'starching effect' is avoided by not using concentrated 
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solutions such as sorbitol and brine, and the recovery 
period is short enough to prevent problems from algae 
(expanded further in the next section). Regrowth can be 
expressed in terms of biomass increase as well as percentage 
increase, compared to the original weight. Invaders were 


kept to a minimum with Bag Culture compared to Net Culture. 


4.2.2 COMPARISON OF WEIGHING METHODS 


Bag Weight Difference and Clipping Weight were the two 
weighing methods compared in Experiments 1 and 3. They were 
used to meaSure the same plant samples, which led me to 
believe a paired Student T-test could be used to test for a 
Significant difference between the two methods. Statistical 
data for Experiments 1 and 3 are presented in Table 9 
including T values and their significance levels, and r? 
values for Bag Weight Difference and Clipping Weight. The 
two methods are also depicted in Figure 4 for Experiment 1 
and Figures 6 and 7 for Experiment 3. 

The only place where the T values, r* values and 
figures agreed was for Hylocomium in Experiment 1. 
Variations between the species, and large positive and 
negative values tend to make the T-test questionable. In my 
opinion the r? values and figures were more reliable than 
the T-test. Steel and Torrie 1960 suggested that pairs need 
fomber positively correlated for the T-tesr tosbe wer rective: 


The r2 values and T values (Table 9) indicate this was true. 
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The two weighing methods gave similar values (Figure 4) 
and were highly correlated (r? values, Table 9) in 
Experiment 1 because only distilled water was used as the 
stress agent. Bag Weight Difference was an unsatisfactory 
method of meaSurement in Experiment 3 because brine and 
sorbitol had the same effect as laundry starch on the bags, 
sorbitol more so than brine. In my preliminary experiments, 
brine deposits on moss tips were easier to remove with a 
water rinse than sorbitol deposits. The concentrated 
solutions adhered to the bags to make them stiff and also 
added extra weight to the bags during the stress treatments. 
Likely more brine than sorbitol was removed from the bags 
during the distilled water flush. Bags in sorbitol 
treatments probably lost more weight from the misting 
operations during the recovery period, and therefore lead to 
the poor correlation of the Bag Weight Difference and 
Clipping Weight. The largest negative Bag Weight Difference 
values occurred in the sorbitol treatments with the highest 
concentration levels (40 mS/cm equivalent) for all three 


species (Table 9, Figure 7). 
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TABLE 9: Comparison of Bag Weight Difference and Clipping 
Weight of three feather mosses after a three day stress: 
Distilled Water (EXPT. 1), Brine or Sorbitol (EXPT. 3) 


PAIRS SPECIES' STRESS? EXPT. Ge T-TEST 
144 All DW 1 89 6.47 
180 All B-t2S 3 Ae Ome? 
48 Hs DW 1 295 Unter! 
48 Poe DW 1 Rat i 6296 
48 Ps DW 1 5 eke, Das 
90 All B 3 - 18 Srieo 
90 All S 3 208 sale 3 
60 Hs B+ S 3 06 32548 
60 Pee Bet S 3 24 323 
60 Ps Bs 3 Sai, 22038 


‘SPECIES: Hs= Hylocomium splendens 
Pec=Ptil ium crista-castrensis 
Ps= Pleurozium schreber i 


STRESS: DW=Distilled Water, B=Brine, S=Sorbitol 


NS=Not Significant 


t=Signiticant (PS0.05) *+#=Highly Significant (Ps0.01) 
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Theeesartitacts contributedstoverrorsewith Bag Culture. 

1. Regrowth stuck on the bags thus giving lower Clipping 
Weight values for Ptilium and to a lesser extent for 
Pleurozium. 

2. Bag Weight Difference values were affected by loss of 
moss particles, which occurred any time the bags were in 
CONEACE Withearliquidve.gq.Sstressiapplication, mrsting. 

3. Growth of algae on the bags probably increased Bag 
Weight Difference. Removal of algae by rinsing likely 
created a loss of moss particles which decreased Bag 
Weight Difference. 

Clipping Weight was the preferred method of measuring 
regrowth, especially in Experiment 3. Standard errors of the 
mean do not vary to the same degree as those in the Bag 
Weight Difference, and there are no negative means. A 
magnifying glass and adequate lighting were necessary to 
prevent eye Strain during the clipping process. Regrowth 
tended to break at the junction of old and new growth, 
aiding in separation of the two fractions. Also regrowth 
usually appeared as a lighter, more translucent shade of 
green. Removal of regrowth was very tedious, but the 
Clipping Weight method avoided the extraneous losses and 


gains experienced with the Bag Weight Difference. 


4.2.3 NET CULTURE 


Net Culture (Plate 6) reduced preparation time greatly. 


Disks were cut out of the porous net material, and no sewing 
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was needed. Only one weighing session was required instead 
of the several weighing sessions required for Bag Culture 
(See Table 3). Moss segments were used instead of tips, and 
detailed cleaning and trimming were not required as only 
regrowth was weighed. The option of expressing regrowth as a 
percentage of the original moss weight was lost with Net 
Culture. If invader species are present in large numbers, 
regrowth biomass would be the desireable term of expression. 
Expressing regrowth as a percentage of the original moss 
weight, should be used with caution since weights include 
both original species and invaders. 

The 'starching effect', or algae posed no problems with 
the porous net material. Although algae may have been 
responsible for the occassional loss of a moss segment, 
leaves fell off and only the wiry skeleton remained. Unlike 
Bag Culture, moss bundles were placed directly in the 
plastic cells in a horizontal position. The presence of 
drainage holes in the cells and trays eliminated the water 
accumulation problem experienced with the vials. Original 
plants were in a horizontal position therefore, regrowth was 
at 90°, which aided in the clipping process. Regrowth in Net 
Culture experiments had a close resemblance to the 
appearance of plants found in the field. By the end of the 


recovery period several cells looked like moss miniplots. 
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4.2.4 BROWN vs GREEN MOSS 


Green moss tips of 20 mm were used in Experiments 1 and 
3 to reduce the amount of original material to a minimum and 
thereby make detection of regrowth with the Bag Weight 
Difference easier. Green segments were used in Experiment 4 
where Clipping Weight was used to measure regrowth. If any 
Samples had twin tips, one tip was removed before the start 
of the experiment. In these experiments 'segment' refers to 
a length of moss with a maximum length of 5 cm at the start 
of the experiment. 'Segment', in this case, does not have 
the same connotation as that used by Bengston et al. (1982) 
in their study of Hylocomium splendens. The authors defined 
a segment length as "the distance from the point where it 
emerged from the mother segment to the point on its stem 
where the following year's segment was attached." 

Brown segments were used in Experiment 2 because the 
green regrowth could be readily distinquished from the 
original brown moss, thus aiding the separation of old and 
new growth. Brown segments were more brown colored than 
green, actually the rejected material from Experiment 3. The 
brown discoloration occurred because samples were put 
directly in the cooler (Swan Hills 1980) instead of being 
air dried first then put in the cooler (Swan Hills 1981, 
Villeneuve 1981). Samples with brown discoloration had been 
in the cooler for more than ten months compared to the one 
month old samples used in Experiment 1. In reference to moss 


samples, Lee and Stewart (1971) mentioned the "deleterious 
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effects of prolonged storage in a saturated atmosphere." 

Hylocomium discolored much faster and to a greater extent 

than Ptilium or Pleurozium. Hylocomium was missing from 

Experiment 2 because the brown material had already been 

discarded. Ptilium showed the least amount of brown 

discoloration of the wet storage samples. 

Since brown moss is usually considered dead or inactive 
(Vitt and Pakarinen 1977; Bates 1979), three questions arose 
about the brown segments. 

1. Would there be any regrowth on the brown segments? 

2. If so, would there be a difference in regrowth because 
Of reduced vitality? 

3. Would the response of the brown segments, to the stress 
agents (brine or sorbitol), be the same as that of the 
green segments or tips? 

It was concluded that a brown moss was not necessarily 
an inactive moss as regrowth did occur (Figure 8), however 
the amount of regrowth was low compared to the amount for 
green tips (different source) at sixteen weeks in Figure 4. 
Green tips in Figure 9 were from the same source as the 
brown segments. The general response trends for brown 
segments (Figure 8) and green segments (Figure 10) to brine 
and sorbitol were somewhat similar, more so than those in 
Figure 9. I believe the different response trend in Figure 9 
was caused by procedure rather than the particular moss 
sample. This idea is expanded further in the Brine/Sorbitol 


section (Salt Tolerance vs Drought Tolerance). 
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FIGURE 8: REGROWTH vs STRESS LEVEL of two feather mosses after BRINE or 
SORBITOL STRESS for three days. 
Clipping Weight after seventeen weeks recovery. 
Control=O mS/cm equivalent E.C.=Electrical Conductivity 
(EXPT. 2, BROWN SEGMENTS, NET CULTURE) 


FIGURE 9: REGROWTH vs STRESS LEVEL of two feather mosses after BRINE or 
SORBITOL STRESS for three days. 
Clipping Weight after twenty two weeks recovery. 
Control=O mS/cm equivalent E.C.=Electrical Conductivity 
(EXPT. 3, GREEN TIPS, BAG CULTURE) 
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4.2.5 INVADERS 


Regrowth biomass, in both Experiments 2 and 4 (Figures 
8 and 10 respectively), included regrowth of the original 
species plus growth from moss invaders. Separation of 
invaders from original moss was considered but it was too 
time consuming because invaders were interspersed with the 
Original species. Sorting invaders and original species 
would involve identifying each shoot which would be very 
time consuming and tedious. Loss of regrowth fragments from 
excessive handling was also a concern. 

The presence of invaders in large numbers, was first 
noted in Experiment 2. Invaders were mainly Pohlia nutans 
with some Sphagnum species, Aulacomnium palustre, Funaria 
hygrometrica and Bryum species. In Experiment 4, Aul]acomnium 
palustre was the main invader, followed by Bryum species, 
with some Campylium species, Ceratodon purpureus, Pohl ia 
nutans and Funaria hygrometrica. Most of the colonizing 
species involved were so called 'weedy species’ (Vitt 1982, 
personal communication). Aulacomnium palustre was one of the 
Species that invaded Studlar’s (1983) field plots which 
monitored moss recovery from trampling. 

Invaders were more prevalent in the brown segments than 
in the green segments. There was no noticeable correlation 
between stress levels and invaders, or stress agent and 
invaders. However there was a correlation, in both 
experiments, between original moss species and invaders. The 


largest occurrence of invaders were found on Pti/ium, 
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followed by Pleurozium. The closely spaced leaves of Ptilium 
(Plates si) and 3); provided aumorst st late curfacemtor 
colonization by spores that happened to land. The presence 
of invaders, in these experiments, was a reason for concern 
as individual species were being compared. However the 
possible use of colonization as a reclamation measure, may 
be the most Significant idea, in terms of field application. 
Moss samples from unaffected areas near a spill site could 
be pulverized and added to the final flush water. This 
method of 'seeding' an affected area could be easily 
incorporated into the present reclamation procedure 
described by Innes and Webster 1980b. However, this idea has 
not been tested in the field, as yet (Ross and Webster 
1983). If seeding was successful, it is possible certain 
species could be selected and stored for reclamation use. 
Bayfield (1976) compared growth of moss fragments (samples 
were pulverized) on several types of leaf litter and growing 


media in a greenhouse experiment. 


4.3 SALT TOLERANCE vs DROUGHT TOLERANCE-EXPERIMENTS 2 to 4 
There was an indication, from my preliminary 
experiments, that moss response to mannitol and brine 
varied, however they had not been tested together at the 
Same time. Sorbitol was selected for these experiments 
because it was cheaper than mannitol, and reported to be 
very soluble, nontoxic and an efficient “osmotic solute. It 


is reportedly slightly less inhibitory of enyzme activity 
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than mannitol and forms a solution with pH 7 (Brown and 
Heltebuse® |97GeeSorbitoleoccursenaturellyain Somes plantseto 
counteract the effects of saline environments (Ahmad et al. 
1979) % 

Experiments 2, 3 and 4 (Figures 8, 11 and 12, and 10) 
compared moss response, measured by regrowth biomass, to 
brine and sorbitol. All three experiments had the same 
stress levels (electrical conductivity or its equivalent, in 
the case of sorbitol) and contact time. Moss length (tips vs 
segments) and culture (Bag vs Net) varied in these three 
experiments. The difference between the two stress agents 
was highly significant (PS0.01) in Experiments 2 and 4 
(Tables) 10.and 13) buttnet significant (Ps0505) an 
Experiment 3 (Tables 11 and 12). Interactions were not 
Significant in Experiments 2 and 3. However in Experiment 4 
(Table 13), the interactions were highly significant, 
including the triple interaction of 'Species X Agents X 
Level'. This meant each moss reacted differently to brine 
and sorbitol, and response changed as the concentration 
level of stress changed (Figure 10). The response patterns 
to brine and sorbitol were similar for Hy]Jocomium and 
Pleurozium in this experiment. The difference between the 
Stress agents was closer at the lower mS/cm equivalents, 
becoming wider, then stayed about the same distance from one 
another at the higher mS/cm equivalents. In Ptilium, the gap 
between sorbitol and brine first increased up to 20 mS/cm 


equivalent, then narrowed to the point of no significant 
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difference at 40 mS/cm equivalent (standard errors 
overlapped). Sorbitol, the osmotic effect similar to drought 
(Greenway 1973), had no significant effect (standard errors 
overlapped) on the feather mosses up to 30 mS/cm equivalent 
(Figure 10). Ptilium regrowth exhibited the largest decrease 
of the three mosses from 0 to 40 mS/cm equivalent of 
sorbitol. Unlike Hylocomium and Pleurozium (Figures 10 and 
12), the drought and salt tolerance of Ptilium were the same 
at 40 mS/cm equivalent. Ptilium and Hylocomium reacted to 
brine, in a Similar manner in Experiment 4 (Table 16, Figure 
10) with a large decrease between 0 and 10 mS/cm. But in 
contrast, Hylocomium experienced a further marked drop in 
regrowth between 30 and 40 mS/cm of brine while Ptilium 
regrowth increased slightly between these two levels. 
Pleurozium regrowth decreased markedly between 10 and 20 
mS/cm in the brine treatments. PJleurozium showed its 
variable character with a different response pattern in all 
three experiments. In field studies of brine spills, 
Hettinger (1980) found the response of Pleurozium to be the 


most variable of the three feather mosses. 
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TABLE 10: Analysis of variance, CLIPPING WEIGHT 
Regrowth of two feather mosses after Brine/Sorbitol for 
three days. Seventeen weeks recovery. 


EXPT. 2, Brown Segments, Net Culture 


VARIABLE DF Ss MS F 
Replicates 5) 0200087 0700017 ire 40 
Species (Spp.) 1 0-00 124 000124 12.40 
Stress Agents 1 d.00275. 0.00275 2750 
Stress Levels 4 020023 @..00053 Diao 
Spp. X Agents 1 GCOS O200013 ene 
Spp. X Level 4 0.00071 0.00018 1.80 
Agents X Level 4 0.00063 0.00016 1.60 
Spp. X Agents X Level & O.00CC12 07000038 0:30 
Error gS OF00953- 0 70000 raed 
Total Hes) 070168 11 


NS=NOt Significant 
*#=Significant (Ps0.05) **=Highly Significant (Ps0.01) 
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TABLE 11: Analysis of variance, BAG WEIGHT DIFFERENCE 
Regrowth of three feather mosses after Brine/Sorbitol for 


three days. Twenty two weeks recovery. 


EXPT. 3, Green Tips, Bag Culture 

VARIABLE DF Ss MS F 
Replicates 5 0.00324 0.00065 0.42 NS 
Species (Spp.) 2 O.0314S 0.00572 10.08 # x 
Stress Agents 1 GO00Ss7 0, 00857 Gas * 
Stress Levels “ V2082Z36 0. 020 7a \Sre2e * x 
Spp. X Agents 2 CCOisse Of 00077 0.49 NS 
Spp. X Level 8 O20N868" 0.00233 1.49 NS 
Agents X Level 4 0.00961 0.00240 1.54 NS 
Spp. X Agents X Level 8 O.0C83 0700104 Or.67 NS 
BELOL 145 OeZ2552)) On 006 1.06 NS 
Dora eA) OR SEIOG S 

NS=Not Significant 

*=Significant (PS0.05) **=Highly Significant (P<0.01) 
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TABLE 12: Analysis of variance, CLIPPING WEIGHT 
Regrowth of three feather mosses after Brine/Sorbitol for 
three days. Twenty two weeks recovery. 


EXPT. 3, Green Tips, Bag Culture 


VARIABLE DF SS MS 

Replicates 5 0.00443 .00089 sO 
Species (Spp.) 2 0.00084 .00042 35 
Stress Agents 1 0.00097 ,00087 3 
Stress Levels 4 D200 o4 .00188 06 
Spp. X Agents 2 OZOC13S0 -00065 10 
Spp. X Level 8 0.00398 ~00050 7On 
Agents X Level S 0.00124 s0O0C3H mele) 
Spp. X Agents X Level 8 0200039 - 00005 16 
Error 145 0.04466 .00031 .00 
Total 179 0.06532 


NS=Not Significant 
*=Significant (P<0.05) 


**k=Highly Significant (Ps<0.01) 
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TABLE 13: Analysis of variance, CLIPPING WEIGHT 
Regrowth of three feather mosses after Brine/Sorbitol for 
three days. Thirty weeks recovery. 


EXPT. 4, Green Segments, Net Culture 


VARIABLE DF SH) MS F 
Replicates 2) OPUS 56658 0.000.435 2.19 * 
Species (Spp.) 2 0.47200 0.23600 92.19 * x 
Stress Agents 1 0.27204 0227204 106.27 * 
Stress Levels é Oe 20454) 20705113 SSI) ** 
Spp. X Agents 2 0.03720 0.01860 ed * x 
Spp. X Level 8 0.08045 0.01006 Seeks: * x 
Agents X Level 4 O207S3S  O701997 7200 * x 
Spp. X Agents X Level 8 0.06929 0.00866 Soo * x 
Error 145 O37168, 90 ,00256 1.00 
Total 179 ie 6227 5 


NS=Not Significant 
*=Significant (PsS0.05) **=Highly Significant (Ps0.01) 
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On a percentage basis (Tables 15 and 16), Pleurozium 
and Hylocomium regrowth levels were very similar in the 
sorbitol treatments, suggesting they may have similar 
drought tolerances. Achuff (1974), Achuff and La Roi (1977), 
and Lee and La Roi (1979) had Pti]ium and Pleurozium 
together in one group and Hy/Jocomium in another group in 
their studies of forest communities. According to Achuff 
(1974) and Achuff and La Roi (1977) the Rubus 
pedatus/Ptilium community, which included P]Jeurozium, was 
associated with higher precipitation, cooler temperatures, 
and a lower soil nutrient status than the 
Viburnum/Hylocomium community type. The Viburnum/Hy]locomium 
community was drier and warmer with richer soils. In Banff, 
Lee and LaRoi (1979) found that HyJocomium was found in a 
wider range of habitats, in terms of moisture, than Ptil] ium 
or Pleurozium. Their diagrams of Ptilium and P]leurozium 


moisture habitats are very Similar. 
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TABLE 14: Percent Regrowth (based on control) of two feather 
mosses after Brine/Sorbitol for three days. Clipping Weight, 
seventeen week recovery. 


EXPT. 2, Brown Segments, Net Culture 


SPECIES' STRESS? 0 10 20 30 40 
Pcc B 100 73 iO 29 16 
Pcc S 100 128 38 146 20 
Ps B LOG 47 ey is 6 
Ps S 100 107, 98 52 She 


TABLE 15: Percent Regrowth (based on control) of three 
feather mosses after Brine/Sorbitol for three days. Clipping 
Weight, twenty two week recovery. 


EXPT. 3, Green Tips, Bag Culture) 


SPECIES ' STRESS? 0 10 20 30 40 
Hs B 100 94 54 id. 14 
Hs S 100 124 2 105 a 
PCE B 100 V3i7 92 73 2S 
Pee S 100 147 124 90 74 
rs B 100 58 61 Sh) a3 
Ps S 100 36 82 36 38 


‘SPECIES Hs= Hylocomium splendens 
Pec=Ptilium crista-castrensis 
Ps= P]leurozium schreberi 
2STRESS B=BRINE, S=SORBITOL in mS/cm equivalent 
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TABLE 16: Percent Regrowth (based on control) of three 
feather mosses after Brine/Sorbitol for three days. Clipping 
Weight, thirty week recovery. 


EXPT. 4, Green Segments, Net Culture 


SPECIES’ STRESS. 0 10 20 30 40 
Hs B 100 38 A 26 7 
Hs S 100 76 85 94 76 
Pee B 100 37 22 ey 34 
Pec S 100 90 o2 2 38 
Ps B 100 98 46 49 28 
Ps S 100 76 87 106 74 


‘SPECIES Hs= Hylocomium splendens 
Pec=Ptil ium crista-castrensis 
Ps= Pleurozium schreber i 
?STRESS B=BRINE, S=SORBITOL in mS/cm equivalent 


Based on all three experiments, it was concluded that 
brine had a greater detrimental effect on moss regrowth than 
sorbitol. The omotic plus Specific ion effects were more 
harmful than the osmotic effect alone. The three mosses are 
less salt tolerant than drought tolerant. PLI/ ium was. the 
least drought tolerant species and Hylocomium was the most 
salt sensitive of the three feather mosses. Hylocomium was 
found to be the most salt sensitive species by Hettinger 


(1980). 
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4.4 BRINE-EXPOSURE TIME vs LEVEL-EXPERIMENT 5 

A seventy two hour exposure time was used for the five 
other experiments, as previous greenhouse experiments were 
based on this exposure time. This contact period was 
selected because a three or four day lag period would likely 
OCeUr* an the field trom thePtimesthessp:tieoccurs@untiiva 
reclamation procedure can be initiated (Webster 1980). 
However, in Experiment 5 the time factor (two to ten days) 
versus the brine level (0 to 60 mS/cm) was investigated to 
ascertain if one wasS more important than the other. It was 
also of interest to determine if there was a particular 
limiting point, beyond which, further damage was minimal. 
Results were presented as Regrowth vs Exposure Time (Figure 
13) and Regrowth vs Brine Level (Figure 14). 

The main effects 'Species', 'Levels', and 'Time'(Table 
17) are highly significant (Ps0.01). The 'Species X Level' 
interaction was also highly significant while the 'Species X 
Time’ interaction was not significant. This indicated the 
brine concentration waS more important than the contact 
time. If this relationship remains true under field 
conditions, reduction of the brine concentration by water 
flushing would aid moss recovery. This finding (flushing 
reduced damage) agreed with the findings of the field 
experiments of Edwards and Blauel (1975), the greenhouse 
experiments of Ross Daley (1980), and the field experiments 


of Innes and Webster (1980a), Webster et a]. (1983). 
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In Hylocomium and Ptilium there was a significant 
difference between regrowth at 20 and 40 mS/cm but no 
Significant difference (standard errors overlapped) between 
40 and 60 mS/cm (Figure 13). These boundaries agreed with 
the findings of the Brine/Sorbitol Experiments 2 to 4 
(Figures 8, 12 and 10), where the sharp drop in regrowth 
occurred between 30 and 40 mS/cm. 

The greatest reduction of moss regrowth occurred 
between two and six days of exposure, in most cases (Figure 
13). After six days of exposure to levels above 0 mS/cm, the 
amount of recovery was Similar, especially for the 40 and 60 
mS/cm levels. The reason for the sharp drop in regrowth of 
Ptilium controls (0 mS/cm) between eight and ten days 
(Figure 13) was not clear. It is possible ion leakage (Brown 
and Buck 1978) or microorganisms were a factor. Microbes may 
account for the lower value in Hylocomium at eight days 
also. The large drop in regrowth of Hylocomium between 0 and 
20 mS/cm (Figures 13 and 14) indicate it was the most salt 
sensitive of the species. Ptilium was the most salt tolerant 
species, especially at the higher brine levels. In this 
experiment Ptilium was the most variable as values increased 
and decreased over time in a rather erratic manner, whereas 
the lines for Hylocomium (Figure 13) do not cross one 
another. The limiting point, where changes are minimal 
thereafter, appeared to be a six day exposure time and a 


brine level between 20 and 40 mS/cm. 
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TABLE 17: Analysis of variance, CLIPPING WEIGHT 
Regrowth of three feather mosses after Brine at five Time 
Exposures and four Levels. Thirty week recovery. 


EXPT. 5, Green Segments, Net Culture 


VARIABLE DF Ss MS F 
Replicates 5 O5700339 ew 00068 3.58 ** 
Species (Spp.) 2 0.00814 0.00407 2a 2 * x 
Brine Levels 3 Om06020 780 202007 10563 * x 
Time 4 0.002525 .0500063 3232 * x 
Spp. X Level 6 0.02464 0.00411 PieGse ces 
Spp. X Time 8 0.00084 0.00011 0u58 NS 
Level X Time h2 OsCOtSS. 20e-0003 OF GE NS 
Spp. X Level X Time 24 WS0 0S SO 820700015 O78 NS 
Error 295 0705567 70. 00019 12.00 
Total S59 0.16046 


NS=Not Siqnitacant 
*=Significant (PS0.05) *#=Highly Significant (P<0.01) 
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4.5 Ca/K POST FLUSH TREATMENTS-EXPERIMENT 6 


4.5.1 DOES CALCIUM OR POTASSIUM AID MOSS RECOVERY? 


The fourth objective was to determine if calcium or 
potassium or a combination of the two would aid moss 
recovery. Bates and Brown (1974) and Bates (1976) stated 
calcium was the most effective single cation to alleviate 
loss of intracellular potassium from mosses exposed to an 
artificial seawater. Calcium and potassium together were 
more effective than calcium alone in reducing intracellular 
potassium loss. In their experiments, the two elements were 
added to the seawater before the plants were exposed to the 
solution. 

In Experiment 6, calcium and potassium sulfate 
solutions were applied after the mosses were subjected to 
brine of 30 mS/cm for seventy two hours. Seven levels of 
calcium (0 to 300 mg/L) and three levels of potassium (0 to 
100 mg/L) were applied for seventy two hours of Post Flush 
Treatments (Figure 15, Table 18). 

Differences in the variables 'Replicates' and 'Species' 
were highly significant (PS0.01)(Table 18). There were no 
Significant differences between 'Calcium' and 'Potassium' or 
any of the interactions. Under the given conditions of the 
experiment, calcium or potassium did not aid moss recovery. 
This does not mean that calcium or potassium are not 
beneficial in a spill situation. All treatments, in 


Experiment 6, were in solution form with no growing medium 
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€,9. soil, sand, peat, etc. In the field this is not the 
case and both plants and soil must be considered (Singh 
1983). Edwards and Blauel (1975), Innes and Webster (1980), 
and Webster et a]. (1983) all emphasized the importance of 
calcium in spill situations to prevent soil dispersion. 

Net loss of intracellular potassium in Grimmia 
pulvinata, an inland moss, was almost complete within the 
first hour of exposure to Seawater. Net uptake of sodium, in 
this species, occurred in the first twelve hours (Bates and 
Brown 1974; Bates 1976) Possibly calcium and potassium, 
applied after seventy two hours of brine exposure, in my 
Experiment 6, had little or no effect on moss recovery 


because the damage had already taken place. 
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TABLE 18: Analysis of variance, CLIPPING WEIGHT 


Regrowth of three feather 
Treatments (seven Calcium 
three days, applied after 


mosses after Ca/K Post Flush 


and three Potassium levels) 


for 


30 mS/cm brine for three days. 


Twenty five week recovery. 


EXPT. 6, Green Segments, 
VARIABLE 


Replicates 


Species (Spp.) 

Calcium (Ca) 

Potassium (K) 

Spp. X Calcium 

Spp. X Potassium 

Calcium X Potassium 

Sppor auCar Agk 

Error 3 
Total 3 


NS=Not Significant 


*=Significant (PS0.05) **=Highly Significant (P<0.01) 


Net Culture 


DF 


id 


Ss 
wy hey) Eke 
ROOT SS 
.00085 
.00074 
.00432 
.00261 
.00365 
WUOI29 
e127 56 


229652 


MS 


.O7. 0389 
~04877 
.00014 
.00037 
.00036 
.00065 
.00030 
aOR S5 
~00041 
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NS 


NS 
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4.5.2 IS THE MOST SALT TOLERANT FEATHER MOSS Pti/ ium? 


Since there were no significant differences in calcium 
and potassium treatments in Experiment 6 (Table 18), it can 
be considered a large experiment (126 replicates/species) 
comparing the regrowth of feather mosses after brine 
treatment at 30 mS/cm for seventy hours. Differences among 
the three species were highly significant (P<0.01). Ptilium 
samples produced the greatest amount of regrowth of the 
three feather mosses (Figure 15), and its mean for the whole 
experiment was 0.0549 grams, compared to 0.0352 for 
Hylocomium and 0.0155 grams for Pleurozium. In Experiment 2 
(Figure 8) there was no significant difference Ceranaaede 
error overlapped) between Ptilium and Pleurozium at 30 mS/cm 
brine. Values for all three feather mosses in Experiment 3 
(Figure 12) at 30 mS/cm have overlapping standard errors but 
in Experiment 4 (Figure 10) there was a large difference 
between the response of Pti]ium and those of Hylocomium and 
Pleurozium. Ptilium had the lowest amount of regrowth, a 
completely opposite result to that of Experiment 6 (Figure 
15). Ptilium had the greatest amount of regrowth at 40 and 
60 mS/cm in Experiment 5 (Figure 14). Variability of 
response at 30 mS/cm in Figure 14 was similar to that in 
Figure 15, in that Ptilium showed the most variability, 
followed by Hylocomium and Pleurozium with the least. No 
post flush treatments were applied in Experiment 5 (Figure 


14). 
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Unfortunately when Experiment 6 (Figure 15) is 
considered a large brine experiment one important thing is 
absent, a distilled» water (0: mS/cm) control. In the planning 
stages of this experiment such a control was considered but 
I could not determine how to randomize or analyze such a 
control within the factorial design of post flush 
treatments, without increasing treatments to an unmanageable 
number. Since the amount of moss available was limited, the 
idea was dropped. Although calcium or potassium sulfate did 
not aid moss recovery, under the given conditions, there was 
a suspicion that the two salts may have had an influence in 
some other way. This arose because of the response of the 
three mosses, Pti]Jium in particular. Three potential 
influences were considered: the effect of calcium, pH, and 
relative humidity created by the calcium and potassium 
sulfate solutions used in the treatments. 

Crum and Anderson (1981) stated Hylocomium was 
indifferent to pH. Watson (1981) described Pleurozium as 
"stronglytcaleriugey ani indicator slofvacidesoil 
conditions: "eCrum: (1976) sdefinedecalcifuge rass"arplhant (not 
occupying calcareous habitats." Steere 1979, stated Pti/ ium 
occurs on steep, moist slopes of calcareous soil. If the 
presence of calcium or the high pH had a detrimental effect 
on Pleurozium or a favorable effect on Pti] ium some 
variation from the control (0 mg/L Ca and K) to the highest 
concentrations of the two elements should have occurred. 


However Pleurozium showed the least variation of the three 
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mosses in Experiment 6 (Figure 15). There was no significant 
change from 0 to 300 mg/L calcium, In the case of Ptifium, 
although standard errors overlapped for 0 and 300 mg/L 
calcium, the means for the control were higher than those 
for the largest amount of calcium. If Ptilium was favored by 
the presence of calcium, one would expect the reverse to 
OCCUR UT nathisp theshighesteamounteotsrecrowtheain 300mg 
calcium and the lowest in the control. Therefore it appeared 
ealcium didenotvftavor PEilium growth over sthat of 
Pleurozium. It was concluded calcium or pH were not 
influencing factors. 

Pleurozium showed the best response to gypsum post 
flush treatments in my preliminary studies (Ross Daley 
1SS0)eaO Toole and Synnottans9 7) @tound *assma ll squant 1eyeot 
Pohlia nutans, generally considered to be calcifuge, on 
plots to which lime (CaCO;) had been applied. 

Researchers have found that drought tolerant moss 
species can be damaged by high humidities (Hosokawa and 
Kubota 1957; Proctor 1982). "Rhacomitrium langinosum was 
extremely resistant to desiccation, recovering apparently 
normally after 239 days' deSiccation at 32% relative 
humidity." However this species and Jortula rural iformis 
were most quickly damaged at the highest humidity (76%) 
(Dilks and Proctor 1974). Several moss species, listed by 
Lee and Stewart (1971), were affected by the "deleterious 
effects of prolonged storage in a saturated atmosphere." 


Prolonged storage at high humidity is not, recommended for 
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any moss species, especially desiccation-resistant species, 
as this may cause some ion leakage (Brown and Buck 1978). 
Ptilium is dominant in wetter habitats than Hylocomium 
(AchuLie1974* Achutfivandehasko: 1977 -wieerand LanRoueto79). 
Ptilium showed the least amount of discoloration of the wet 
storage samples. Whether Hylocomium or Pleurozium were 
damaged by high relative humidities in Experiment 6 (Figure 
15) was questionable. The proportion of regrowth by each 
Species in Experiment 6 was Similar to that of 20 mS/cm for 
four days or 40 mS/cm for two days in Experiment 5 (Figure 
13). There were no post flush treatments in Experiment 5. 
High relative humidities in Experiment 3 (Figure 12) may 
have been responsible for the different response pattern of 
Pleurozium to that of Hylocomium and Ptilium. The influence 
of environmental factors, such as relative humidity or time 
of year, on moss response remains for future investigation. 
In Experiment 6, Ptilium regrowth was greater than 
Pleurozium regrowth in all 126 replicates, no standard 
errors overlapped. Under the given experimental conditions, 


Ptilium appeared to be the most salt tolerant species. 


4.5.3 SIGNIFICANT DIFFERENCES IN REPLICATES 


The differences among the six replicates were highly 
significant in Experiment 6 (Table 18) as well as 
Experiments 1 and 5 (Tables 8 and 17). Replicates were 
Significantly different in Experiment 3 (Table 12) Clipping 


Weight and Experiment 4 (Table 13) but there was no 
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Significant difference in replicates in Experiment 2 (Table 
10). There were two possible reasons for the differences in 
replicates. One was a bench effect in the greenhouse where 
environmental factors such as light, water or drainage 
(vials were used in Experiments 1 and 3) varied from one 
position to the next on the bench. An attempt was made to 
reduce this effect by moving the large trays to a new 
position on the bench every week or two but no rigid plan of 
rotation was followed. The second possible reason was the 
number of replicates was sufficiently high to detect small 
differences in regrowth of mosses among replications 
(Pinchbeck 1984, personal communication). The first reason, 
a bench effect, was the more likely cause of the differences 


among replicates. 
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5. SUMMARY AND CONCLUSIONS 

In the six greenhouse experiments, Hylocomium 
splendens, Ptilium crista-castrensis and Pleurozium 
schreberi (Plates 1 to 4) were used to study the salt shock 
tolerance of feather mosses. All treatments were in solution 
form with three sources of moss samples, Swan Hills 1980, 
Swan Hills 1981, and Villeneuve 1981. The equipment was 
designed and, in some cases, manufactured by the researcher. 
A summary of the experiments appears at the end of Methods 
and Materials. An outline of procedures is given in Table 3. 

Methods of culture and meaSurement were tested in the 
first four experiments. In terms of reclamation, regrowth 
biomass was considered the most important parameter to 
measure. Biomass was converted to percentages for 
comparisons of the three moss species on a relative basis. 
Net Culture (Plate 6) uSing green segments of moss and the 
Clipping Weight (Plate 5) method of weighing regrowth were 
preferred for these particular types of experiments. 

Moss response to the various treatments was measured by 
regrowth biomass (Figures 4 to 15). Analyses of Variance for 
all six experiments, correlation of the weighing methods in 
Experiments 1 and 3, and percent regrowth for Experiments 2 


and 4 are presented in Tables 7 to 18. 
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5.1 HIGHLIGHTS OF INDIVIDUAL EXPERIMENTS 

The regrowth of the three species was monitored, from 
four to twenty five weeks at three week intervals, in 
Experiment 1 Weight vs Time. Some basic information on the 
response of feather mosses under ‘ideal conditions' was the 
result. Hylocomium produced the most biomass of the three 
Species and Ptilium the least. On a relative basis, the 
response of Hylocomium and Pleurozium was similar. Regrowth 
in Hylocomium occurred aS a new increment or segment. 

Experiments 2 to 4 (Brine/Sorbitol), compared the 
osmotic plus specific ion effects of brine to the osmotic 
effect of sorbitol. Five levels of brine or sorbitol (0 to 
40 mS/cm equivalent) were applied for seventy two hours. 
Plants were then flushed with distilled water and allowed to 
recover. Methods of culture and type of moss sample varied 
in the three experiments. It was concluded the brine was 
more harmful to mosses than sorbitol. Mosses were more 
drought tolerant (osmotic effect) than salt tolerant 
(osmotic plus specific ion effects). Hylocomium was the most 
Salt sensitive species and Ptilium the least drought 
tolerant species. Differences among the three species and 
between the two stresses (Brine and Sorbitol) were 
Significant (Ps0.05) in two of the three experiments. 
Differences in the levels of stress were highly significant 
(P<0.01) in all three experiments. 

In Experiment 5° Brine-Exposure Time vs Level, plants 


were subjected to four levels of brine (0 to 60 mS/cm) and 
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five different contact times (2 to 10 days) to compare 
Regrowth vs Exposure Time vs Brine Level ina factorial 
design. The electrical conductivity (concentration) of brine 
was found to be more damaging to the moss than length of 
exposure to brine, as the variable ‘Species X Level' 
interaction was highly significant (P<0.01). In contrast, 
the 'Species X Exposure Time' interaction was not 
Significant. Changes in regrowth biomass were minimal after 
Six days of exposure time. Moss regrowth decreased sharply 
between 20 and 40 mS/cm of brine, which agreed with the 
results of the Brine/Sorbitol series. In most of the 
Brine/Sorbitol experiments (Experiments 2 to 4) regrowth in 
brine decreased between 30 and 40 mS/cm. 

Twenty one treatments of calcium or potassium sulfate 
were tested in Experiment 6, Ca/K Post Flush Treatments, to 
determine if these two salts would aid moss recovery. In 
Experiment 6, mosses received a salt shock of 30 mS/cm brine 
for the standard seventy two hours. Plants were then flushed 
with distilled water, a standard treatment used throughout 
the six experiments. Seven levels of calcium (0 to 300 mg/L) 
and three levels of potassium (0 to 100 mg/L) were then 
applied for seventy two hours. Differences among species 
were highly significant (PS0.01) in Experiment 6. Ptil] ium 
gave the highest amount of regrowth followed by Hylocomium 
and Pleurozium. Under the given conditions, there were no 
significant differences in the calcium and potassium 


treatments. They did not aid moss recovery significantly in 
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5.2 FEATHER MOSS RESPONSE PATTERNS 


5.2.1 REGROWTH 


Hylocomium produce 


amount of regrowth of 


sorbitol was absent. The 


three or four times more 


which compared favo 
segments. Regro 
or increment. This 


cyclic patterns in 
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as an extension of the apical 


shoots, when the original moss material was 


position (Bag Culture). When the 
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horizontally positioned (Net Culture) regrowth of the three 
Species occurred at 90°. Plant regrowth in Net Culture was 
Similar to that found in the field whereas regrowth segments 
were somewhat elongated in Bag Culture. Shoots growing 
through the bag and sticking to the bag resulted in loss of 
biomass in the Clipping Weight of Pti]ium and to a lesser 
extent Pleurozium. Bag Culture was unsatisfactory for 
growing Ptilium. In contrast Hylocomium was well suited to 
Bag Culture if the 'Starching effect', of concentrated 
solutions such as brine or sorbitol, was avoided. 

Moss samples from Swan Hills 1980 (Figures 8 and 9) 
showed a reduced vitality compared to samples from 
Villeneuve 1981 (Figures 4 and 10). Brown segments of moss 
showed a similar reponse pattern to that of green segments 


of moss. 


5.2.2 TOLERANCE 


Ptilium appeared to be the most salt tolerant Species, 
especially at higher concentrations of brine. I say this 
with some caution because relative humidity or time of year 
may have influenced moss response. Ptil]ium gave the greatest 
amount of regrowth in Experiment 5 where 60 mS/cm was the 
highest brine level and Experiment 6 where all plants were 
stressed for seventy two hours at 30 mS/cm. 

Hylocomium was the least salt tolerant species. This 
agreed with results of a field study by Hettinger (1980). 


Large decreases in regrowth occurred in brine treatments of 
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0 to 10 mS/cm (Figure 10). This pattern was repeated in a 
later experiment (Figures 13 and 14) where Hylocomium 
regrowth decreased greatly from 0 to 20 mS/cm. Differences 
in Hylocomium regrowth between these levels takes on added 
Significance if one considers that regrowth of this species 
was three to four times the amount of Ptilium or Pleurozium 
in Experiment 1 (Figure 4). 

In Experiment 3 however, there was no significant 
difference between Hylocomium regrowth at 0 and 10 mS/cm in 
the brine treatments. Experimental procedure was probably 
responsible for the atypical response of all three feather 
mosses (Figure 12) in this experiment. In comparison with 
moss response in similar experiments (Tables 14 to 16), 
effects of sorbitol and brine on HyJocomium and Ptilium were 
reduced in Experiment 3. The effect of sorbitol on 
Pleurozium was increased in Experiment 3. Unlike the other 
brine/sorbitol experiments, bags and moss were dried and 
held at 80% relative humidity to obtain a 'before' recovery 
weight in Experiment 3. 

One could speculate that high relative humidity 
influenced the moss response in this experiment. Proctor 
(1982) stated "a moist break of twenty four hours allowed 
complete recovery of surviving cellis™icom the effects (ora 
preceding dry period in Hylocomium splendens.”" Another 
possibility was that Hylocomium and Ptilium were more 
tolerant than Pleurozium to salt stress followed by drought 


stress. Pleurozium showed its variable character with 
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different response patterns from experiment to experiment, 
but generally response was between that of Hylocomium and 
Ptilium. However, regrowth of P]Jeurozium was signifcantly 
greater than that of Ptilium at 20 mS/cm brine (Figure 8) 
and 0 to 30 mS/cm brine (Figure 10). Pleurozium gave the 
least amount of regrowth of the three species in Experiment 
6, where the brine concentration was 30 mS/cm. 

Ptilium was the least drought tolerant moss (Figures 8 
and 10), which agreed with the findings of Achuff (1974), 
and Achuff and La Roi (1977). They found the habitat of 
Ptilium was the wettest of the three feather mosses. Ptil ium 
discolored the least under 'wet' storage. Drought tolerant 
species of moss are damaged by high relative humidities 
(Hosokawa and Kubota 1957; Lee and Stewart 1971; Dilks and 
Proctors 19745 |/Proctor 1982)eeTaking thissantoxvconsideration, 
Hylocomium may be the most drought tolerant feather moss 
because it discolored more quickly than the other two 
Species under conditions of high humidity. Sorbitol 
treatments (Figure 10) did not have a marked effect on 
Hylocomium. Also regrowth of Hylocomium did not decrease, 
compared to Ptilium and Pleurozium, at twenty two weeks 
recovery (Figure 4) when increased temperatures and probable 
decreased humidities occurred. Lee and La Roi (1979) found 
that Hylocomium had a wider tolerance of moisture regimes, 
both xeric and hydric, than Pti]ium and Pleurozium. La Roi 
(1984, personal communication) commented that Hylocomium was 


found in areas above the timberline whereas Ptil] ium and 
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Pleurozium were absent. 


5.3 FUTURE STUDIES 

The environmental impact of various chemical products 
used in the recovery of petroleum is an area for future 
research. Past attempts at burying chemcial wastes by the 
"out of sight, out of mind' approach have had a bad habit of 
"resurfacing' years or decades later. An expanded 
investigation of phytotoxic effects of brine is suggested 
Since the potential for future salt spills is great. 
Increased volumes of water, aging of water handling systems 
and uSing old equipment which was not designed to handle the 
present technological procedures increase the potential for 
brine spills (Haynes et a]. 1978; Skinner 1981). 

Why calcium was ineffective in aiding moss recovery in 
this series of experiments could be investigated further 
with varied times and methods of application. An experiment 
to determine the effectiveness of calcium to aid moss 
recovery in the field would also be desireable. 

Moss physiology and reclamation of forested areas with 
native species are relatively new areas of interest that 
require future study. Do environmental factors such as 
HUMNTEGUEYMOG Gime NOLeyeaneattectamoSss fespomsemparcernaeto 
salt stress or post flush treatments? The increase in 
Ptilium regrowth at 60 mS/cm (Figure 14) was rather 
impriugquing. eA Similar eincreasemin ,eqrowth Ghamosssoccurred 


in my preliminary experiments, therefore it may warrant 
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further investigation. A public media source presented a 
hypothesis that high saline solutions increased regeneration 
of cell tissues, however I did not investigate the 
possibility further. A laboratory method to compare salt 
tolerance of bryophytes to that of vascular plants would be 
helpful but because of the varying physiology of the two, 
may not be possible. 

The brine spill reclamation plots (Innes and Webster 
1980a; Webster et a]. 1983), that began my interest in 
moss/salt relations, could be used for a study of plant 
Succession after a Salt spill. The history is well 
documented and the two sites represent two different forest 
communities. 

There was a certain link between Ptil]ium and 
colonization by invaders. The fine, closely spaced leaves of 
Ptilium (Plates 1 and 3) provided a moist, flat surface for 
moss spores. Most of the colonizing species were so called 
‘weedy species' (Vitt 1982, personal communication). Pohlia 
nutans and Aulacomnium palustre were the two main species of 
invaders. In terms of field application, colonization by 
moss spores and regeneration of moss fragments may be the 
most significant idea that arose from the unwelcomed arrival 
of invaders in these experiments. A brine spill site could 
be 'seeded' with pulverized moss material by adding it to 
the last water applied in the flushing operations. This idea 
has yet to be tested in the field, however Bayfield (1976) 


compared such a technique on several different greenhouse 
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media. Mixtures of species fragments were more successful 


than those of one or a pair of species. 
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